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Description 

The government may own certain rights in the present invention pursuant to NIH grant number 5-PO1-HL2094S 
This application is a continuation-in-part of copending U.S. Serial Number 615,715, filed November 20, 1990, 
5 which was a continuation-in-part of U.S. serial number 510,706, filed April 18, 1990. 

This invention relates to the identification and characterization of an enzyme involved in expression ot the cancer 
phenotype, as well as to the identification and selection of compounds for its inhibition. In particular aspects, the in- 
vention relates to farnesyl protein transferase enzymes which are involved in, among other things, the transfer of 
farnesyl groups to oncogenic ras protein. 
io In recent years, some progress has been made in the elucidation of cellular events lending to the development or 

progression of various types of cancers A great amount of research has centered on identifying genes which are 
altered or mutated in cancer relative to normal cells. In fact, genetic research has led to the identification of a variety 
of gene families in which mutations can lead to the development of a wide variety of tumors. The ras gene family is a 
family of closely related genes that frequently contain mutations involved in many human tumors, including tumors of 
75 virtually every tumor group (see, e g., ref. 1 for a review). In fact, altered ras genes are the most frequently identified 
oncogenes in human tumors (2). 

The ras gene family comprises three genes, H-ras, K-ras and N-ras, which encode similar proteins with molecular 
weights of about 21,000 (2). These proteins, often termed p21^ 5 , comprise a family of GTP-binding and hydrolyzing 
proteins that regulate cell growth when bound to the inner surface of the plasma membrane (3,4). Overproduction of 
20 p2i"9* proteins or mutations that abolish their GTP-ase activity lead to uncontrolled cell division (5). However, the 
transforming activity of ras is dependent on the localization of the protein to membranes, a property thought to bo 
conferred by the addition of farnesyl groups (3,6). 

A precedent for the covalent isoprenylation of proteins had been established about a decade ago when peptide 
mating factors secreted by several fungi were shown to contain a farnesyl group attached in thioether linkago to the 
25 c -terminal cysteine (7-9). Subsequent studies with the mating a-factorfrom Saccharomyces cerevisiae and farnesylat- 
ed proteins from animal cells have clarified the mechanism of farnesylation. In each of these proteins the farnesylated 
cysteine is initially the fourth residue from the C terminus (see rots 3, 4 and 10). Immediately after translation, in a 
sequence of events whose order is not yet totally established, a farnesyl group is attached to this cysteine, the protein 
is cleaved on the C-terminal side of this residue, and the free COOH group of the cysteine is methylated (3, 10, 11 , 
30 12). All of these reactions are required for the secretion of active a-factor in Saccharomyces (4). 

Most, if not all, of the known p2l ras proteins contain the cysteine prerequisite, which is processed by farnesylation. 
proteolysis and COOH-methylation, just as with the yeast mating factor (3, 4, 10, 11 , 1 2). The farnesylated p21 binds 
loosely to the plasma membrane, from which most of it can be released with salt (3). After binding to the membrane, 
some P2V* S proteins are further modified by the addition of palmitate in thioester linkage to cysteines near the far- 
05 nesylated C-terminal cysteine (3) Palmitylation renders the protein even more hydrophobic and anchors it more tightly 
to the plasma membrane. 

However, although it appears to be clear that farnesylation is a key event in ras-related cancer development, prior 
to now, the nature of this event has remained obscure. Nothing has been known previously, for example, of the nature 
of the enzyme or enzymes which may be involved in ras tumorigenesis or required by the tumor cell to achieve far- 
^0 nesylation. If the mechanisms that underlie farnesylation of cancer-related proteins such as P2V as could be elucidated, 
then procedures and perhaps even pharmacologic agents could be developed in an attempt to control or inhibit ex- 
pression of the oncogenic phenotype in a wide variety of cancers. It goes without saying that such discoveries would 
be of pioneering proportions in cancer therapy. 

The present invention addresses one or more shortcomings in the prior art through the identification and charac- 
<*5 terization of an enzyme, termed farnesyl;protein transferase, involved in the oncogenic process through the transfer 
of farnesyl groups to various proteins, including oncogenic ras proteins. Further, the present invention provides novel 
compounds, including proteins and peptides, that are capable of inhibiting the farnesyl:protein transferase enzyme. 

It is therefore an object of the present invention to provide ready means for obtaining farnesyl transferase enzymes 
from tissues of choice using techniques which are proposed to be generally applicable to all such farnesyl protein 
50 transferases. 

It is an additional object of the invention to provide means for obtaining these enzymes in a relatively purified form, 
allowing their use in predictive assays for identifying compounds having the ability to reduce the activity of or inhibit 
the farnesyl transferase activity, particularly in the context of 021™* proteins. 

It is a still further object of the invention to identify classes of compounds which demonstrate farnesyl transferase 
55 inhibiting activity, along with a potential application of these compounds in the treatment of cancer, particularly ras- 
related cancers 
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Farnesyl: Protein Transferase Enzyme 

Accordingly, in certain embodiments, the present invention relates to compositions which include a purified farnesyl 
protein transferase enzyme, characterized as follows: 

5 

a) capable of catalyzing the transfer of farnesyl to a protein or peptide having a farnesyl acceptor moiety, 

b) capable of binding to an affinity chromatography medium comprised of TKCVIM coupled to a suitable matrix; 

10 c) exhibiting a molecular weight of between about 70,000 and about 100,000 upon gel filtration chromatography; 

and 

d) having a farnesyl transferase activity that is capable of being inhibited by one of the following peptides: 

is i) TKCVIM; 

ii) CVIM; or 

ni) KKSKTKCVIM. 

As used herein, the phrase "capable of catalyzing the transfer of farnesol to a protein or peptide having a farnesyl 

20 acceptor moiety," is intended to refer to the functional attributes of farnesyl transferase enzymes of the present inven- 
tion, which catalyze the transfer of farnesol, typically in the form of all-trans farnesol, from all-trans farnesyl pyrophos- 
phate to proteins which have a sequence recognized by the enzyme for attachment of the farnesyl moieties. Thus, the 
term "farnesyl acceptor moiety' is intended to refer to any sequence, typically a short amino acid recognition sequence, 
which is recognized by the enzyme and to which a farnesyl group will bo attached by such an enzyme. 

25 Farnesyl acceptor moieties have been characterized by others in various proteins as a four amino acid sequence 

found at the carboxy terminus of target proteins. This four amino acid sequence has been characterized as -C-A-A-X, 
wherein "C is a cysteine residue, "A" refers to any aliphatic amino acid, and "X" refers to any amino acid. Of course, 
the term "aliphatic amino acid" is well-known in the art to mean any amino acid having an aliphatic side chain, such 
as, for example, leucine, isoleucine, alanine, methionine, valine, etc. While the most preferred aliphatic amino acids, 

30 for the purposes of the present invention include valine and isoleucine, it is believed that virtually any aliphatic amino 
acids in the designated position can be recognized within the farnesyl acceptor moiety In addition, the enzyme has 
been shown to recognize a peptide containing a hydroxylated ammo acid (serine) in place of an aliphatic amino acid 
(CSIM) Of course, principal examples of proteins or peptides having a farnesyl acceptor moiety for the purposes of 
the present invention, will be the p21 ra5 proteins, including p21 H - ra5 , p21 K - na5A , p21 K - rdsfi and p21 N * ras Thus, in light of 

05 the present disclosure, a wide variety of peptidyl sequences having a farnesyl acceptor moiety will become apparent. 

As outlined above, the inventors have discovered that the farnesyl transferase enzyme is capable of binding to an 
affinity chromatography medium comprised of the peptide TKCVIM, coupled to a suitable matrix. This feature of the 
farnesyl transferase enzyme was discovered by the present inventors in developing techniques for its isolation. Sur- 
prisingly, it has been found that the coupling of a peptide such as one which includes CVIM, as does TKCVIM, to a 

40 suitable chromatography matrix allows for the purification of the protein to a significant degree, presumably through 
interaction and binding ol the enzyme to the peptidal sequence. A basis for this interaction could be posited as due to 
the apparent presence of a farnesyl acceptor moiety within this peptide. 

The phrase "capable of binding to an affinity chromatography medium comprised of TKCVIM coupled to a suitable 
matrix," is intended to refer to the ability of the protein to bind to such a medium under conditions as specified herein 

^5 below There will, of course, be conditions, such as when the pH is below 6.0, wherein the farnesyl transferase enzyme 
will not bind effectively to such a matrix. However, through practice of the techniques disclosed herein, one will be 
enabled to achieve this important objective. 

There are numerous chromatography matrixes which are known in the art that can be applied to the practice of 
this invention. The inventors prefer to use activated CH-Sepharose 4B. to which peptides such as TKCVIM, or which 

50 incorporate the CVI M structure, can be readily attached and washed with little difficulty However, the present invention 
is by no means limited to the use of CH-Sepharose 4B, and includes within its intended scope the use of any suitable 
matrix for performing affinity chromatography known in the art. Examples include solid matrices with covalently bound 
linkers, and the like, as well as matrices that contain covalently associated avidin, which can be used to bind peptides 
that contain biotin. 

55 Farnesyl transferase enzymes of the present invention have typically been found to exhibit a molecular weight of 

between about 70,000 and about 1 00,000 upon gel filtration chromatography For comparison purposes, this molecular 
weight was identified for farnesyl protein transferase through the use of a Superose 12 column, using a column size, 
sample load and parameters as described herein below. 
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It is quite possible, depending on the conditions employed, that different chromatographic techniques may dem- 
onstrate a farnesyl transferase protein that has an apparent molecular weight somewhat different than that identified 
using the preferred techniques set forth in the examples It is intended therefore, that the molecular weight determination 
and range identified for farnesyl transferase in the examples which follow, are designated only with respect to the 
precise techniques disclosed herein. 

It has been determined that the farnesylprotein transferase can be characterized as including two subunits, each 
having a molecular weight of about 45 to 50 kDa, as estimated by SDS polyacrylamide gel electrophoresis (PAGE). 
These subunits have been designated as a and [5, with the a subunit migrating slightly higher than the p subunit, which 
suggests that the a subunit may be slightly larger It has also been found that the a and p subunits have different amino 
acid sequences as determined by sequence analysis of tryptic digests prepared from the two purified proteins, and 
appear to be produced by separate genes. The peptide sequences obtained from the two proteins from rat brain are 
as follows: 

TABLE I 

Farnesyl: Protein Transferase Peptide Sequences 
a subunit: 

1) RAEWADIDPVPQNDGPSPVVQIIYS 

2) DAIELNAANYTVWHFR 

3) NYQVWHHR 

4) HFVISNTTGYSD 

5) VLVEWLK 

6) LVPHNESAWNYLK 

[5 subunit: 

7) AYCAASVASLTNI ITPDLFE 

8) LQYLSIAQ 

9) LLQWVTS 

10) IQATTHFLQKPVPGFEE C ? E D A V T 

11) IQEVFSSYK 

The inventors have found that the holoenzyme forms a stable complex with [ 3 H]farnesyl pyrophosphate (FPP) that 
can bo isolated by gel electrophoresis. The [°H]FPP is not covalcntly bound to the enzyme, and is released unaltered 
when the enzyme is denatured When incubated with an acceptor such as p21 H ' ras the complex transfers [ 3 H]famesy\ 
from the bound [ 3 H]FPP to the ras protein. Furthermore, crosslinking studies have shown that p21 H " ra * binds to the p 
subunit, raising the possiblity that the [ 3 H]FPP binds to the a subunit. If this is the case, it would invoke a reaction 
mechanism in which the a subunit act as a prenyl pyrophosphate carrier that delivers FPP to p21 H " ras , which is bound 
to the p subunit. Interestingly, the inventors have recenlty discovered that the a subunit is shared with another prenyl- 
transferase, geranylgeranyltransferase, that attaches 20-carbon geranylgeranyl to ras-related proteins. 

An additional property discovered for farnesyl transferase enzymes is that they can be inhibited by peptides or 
proteins, particularly short peptides, which include certain structural features, related in some degree to the farnesyl 
acceptor moiety discussed above. As used herein, the word "inhibited" refers to any degree of inhibition and is not 
limited for these purposes to only total inhibition. Thus, any degree of partial inhibition or relative reduction in farnesyl 
transferase activity is intended to be included within the scope of the term "inhibited." Inhibition in this context includes 
the phenomenon by which a chemical constitutes an alternate substrate for the enzyme, and is therefore farnesylated 
in preference to the ras protein, as well as inhibition where the compound does not act as an alternate substrate for 
the enzyme. 

Preparation of Farnesyl: Protein Transferase 

The present invention is also concerned with particular techniques for the identification and isolation of farnesyl 
transferase enzymes. An important feature of the purification scheme disclosed herein involves the use of short peptide 
sequences which the inventors have discovered will bind the enzyme, allowing their attachment to chromatography 
matrices, such matrices may in turn, be used in connection with affinity chromatography to purify the enzyme to a 
relative degree. Thus, the present invention is concerned with a method of preparing a farnesyl transferase enzyme 
which includes the steps of: 
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(a) preparing a cellular extract which includes the enzyme, 

(b) subjecting the extract to affinity chromatography on an affinity chromatography medium to bind the enzyme 
thereto, the medium comprised of a farnesyl transferase binding peptide coupled to a suitable matrix; 

5 

(c) washing the medium to remove impurities; and 

(d) eluting the enzyme from the washed medium 

w Thus, the first step of the purification protocol involves simply preparing a cellular extract which includes the en- 

zyme. The inventors have discovered that the enzyme is soluble in buffers such as low-salt buffers, and it is proposed 
that virtually any buffer of this type can be employed for initial extraction of the protein from a tissue of choice. The 
inventors prefer a 50 mM Tris-chloride, pH 7.5, buffer which includes divalent chelator (e.g., 1mM EDTA, 1mM EGTA), 
as well as protease inhibitors such as PMSF and/or leupeptin Of course, those of skill in the art will recognize that a 

*5 variety of other types of tissue extractants may be employed where desired, so long as the enzyme is extractable in 
such a buffer and its subsequent activity is not adversely affected to a significant degree. 

The type of tissue from which one will seek to obtain the farnesyl transferase enzyme is not believed to be of crucial 
importance. It is, in fact, bolievod that farnesyl transferase enzyme is a component of virtually all living cells. Therefore, 
the tissue of choice will typically be that which is most readily available to the practitioner. In that farnesyl transferase 

20 action appears to proceed similarly in most systems studied : including, yeast, cultured hamster cells and rat brain, it 
is believed that this enzyme will exhibit similar qualities, regardless of its source of isolation. 

In preferred embodiments, the inventors have isolated the enzyme from rat brains in that this source is readily 
available. However, numerous other sources are contemplated to be directly applicable for isolation of the enzyme, 
including liver, yeast, reticulocytes, and even human placenta. Those of skill in the art, in light of the present disclosure, 

25 should appreciate that the techniques disclosed herein will be generally applicable to all such farnesyl transferases. 

After the cell extract is prepared the enzyme is preferably subjected to two partial purification steps prior to affinity 
chromatography. These steps comprise preliminary treatment with 30% saturated ammonium sulfate which removes 
certain contaminants by precipitation. This is followed by treatment with 50% saturated ammonium sulfate, which pre- 
cipitates the farnesyl transferase. The pelleted enzyme is then dissolved, preferably in a solution of 20 mM Tris-chloride 

30 (pH 7.5) containing 1 mM DTTand 20u.M ZnC1 2 . After dialysis against the same buffer the enzyme solution is applied 
to an ion exchange column containing an ion exchange resin such as MonoQ. After washing of the column, the enzyme 
is eluted with a gradient of 0.25 - 1.0M NaCI in the same buffer. The enzyme activity in each fraction is assayed as 
described below, and the fractions containing active enzyme are pooled and applied to the affinity column described 
below 

35 It is, of course, recognized that the preliminary purification steps described above are preferred laboratory proce- 

dures that might readily be replaced with other procedures of equivalent effect such as ion exchange chromatography 
on other resins or gel filtration chromatography. Indeed, it is possible that these steps could even be omitted and the 
crude cell extract might be carried directly to affinity chromatography. 

After the preliminary purification steps, the extract may be subjected to affinity chromatography on an affinity chro- 

40 matography medium which includes a farnesyl transferase binding peptide coupled to a suitable matrix. Typically, 
preferred farnesyl transferase binding peptides will comprise a peptide of at least 4 amino acids in length and will 
include a carboxy terminal sequence of -C-A-A-X, wherein: 

C - cysteine; 
4 5 A = an aliphatic or hydroxy amino acid, and 
X = any amino acid. 

Preferred binding peptides of the present invention which fall within the above general formula include structures 
such as -C-V-l-M, -C-S-l-M and -C-A-l-M, all of which structures are found to naturally occur in proteins which are 
50 believed to be acted upon by farnesyl protein transferases in nature. Particularly preferred are relatively short peptides, 
such as on the order of about 4 to 10 amino acids in length which incorporate one of the foregoing binding sequences 
Of particular preference is the peptide T-K-C-V-l-M which is routinely employed by the inventors in the isolation of 
farnesyl protein transferase 

The next step in the overall general purification scheme involves simply washing the medium to remove impurities. 
55 That is, after subjecting the extract to affinity chromatography on the affinity matrix, one will desire to wash the matrix 
in a manner that will remove the impurities while leaving the farnesyl transferase enzyme relatively intact on the medium 
A variety of techniques are known in the art for washing matrices such as the one employed herein, and all such 
washing techniques are intended to be included within the scope of this invention. Of course, for washing purposes. 
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one will not desire to employ buffers that will release or otherwise alter or denature the enzyme. Thus, one will typically 
want to employ buffers which contain non-denaturing detergents such as octylglucoside buffers, but will want to avoid 
buffers containing, e g , chaotropic reagents which serve to denature proteins, as well as buffers of low pH (e g , less 
than 7). or of high ionic strength (e.g., greater than 1.0M), as these buffers tend to elute the bound enzyme from the 
s affinity matrix. 

After the matrix-bound enzyme has been sufficiently washed, for example in a medium-ionic strength buffer at 
essentially neutral pH, the specifically bound material can be eluted from the column by using a similar buffer but of 
reduced pH (for example, a pH of between about 4 and 5.5). At this pH, the enzyme will typically be found to elute from 
the preferred affinity matrices disclosed in more detail herembelow. 

io While it is believed that advantages in accordance with the invention can be realized simply through affinity chro- 

matography techniques, additional benefits will be achieved through the application of additional purification tech- 
niques, such as gel filtration techniques. For example, the inventors have discovered that Sephacryl S-200 high res- 
olution gel columns can be employed with significant benefit in terms of protein purification. However, the present 
disclosure is by no means limited to the use of Sephacryl S-200, and it is believed that virtually any type of gel filtration 

is arrangement can be employed with some degree of benefit. For example, one may wish to use techniques such as 
gel filtration, employing media such as Superose, Agarose, or even Sephadex. 

Through the application of various of the foregoing approaches, the inventors have successfully achieved farnesyl 
transferase enzyme compositions of relatively high specific activity, measured in terms of ability to transfer farnesol 
from farnesyl pyrophosphate. For the purposes of the present invention, one unit of activity is defined as the amount 

20 of enzyme that transfers 1 pmol of farnesol from farnesyl pyrophosphate (FPP) into acid-precipitable p21 H * n9 * per hour 
under the conditions set forth in the Examples. Thus, in preferred embodiments the present invention is concerned 
with compositions of farnesyl transterase which include a specific activity of between about 5 and about 10 units/mg 
of protein. In more preferred embodiments, the present invention is concerned with compositions which exhibit a far- 
nesyl transferase specific activity of between about 500 and about 600,000 units/mg of protein. Thus, in terms of the 

25 unit definition set forth above, the inventors have been able to achieve compositions having a specific activity of up to 
about 600,000 units/mg using techniques disclosed herein. 

Of principal importance to the present invention is the discovery that proteins or peptides which incorporate a 
farnesyl acceptor sequence, such as one of the farnesyl acceptor sequences discussed above, function as inhibitors 
of farnesyl: protein transferase, and therefore may serve as a basis for anticancer therapy. In particular, it has been 

30 found that farnesyl acceptor peptides can successfully function both as false substrates that serve to inhibit the far- 
nesylation of natural substrates such as p2^ ras l and as direct inhibitors which are not themselves farnesylated Com- 
pounds falling into the latter category are particularly important in that these compounds are "pure" inhibitors that are 
not consumed by the inhibition reaction and can continue to function as inhibitors Both types of compounds constitute 
an extremely important aspect of the invention in that they provide a means for blocking farnesylation of p21 ras proteins, 

05 for example, in an affected cell system. 

Inhibitors or Farnesyl:Protein Transferase 

The farnesyl transferase inhibitor embodiments of the present invention concern in a broad sense a peptide or 
to protein other than p2) ms proteins, lamin a or lamin b, or yeast mating factor a, which peptide or protein includes a 
farnesyl acceptor sequence within its structure and is further capable of inhibiting the farnesylation of p2'\ ras by farnesyl 
transferase. 

In preferred embodiments, the farnesyl transferase inhibitor of the present invention will include a farnesyl acceptor 
or inhibitory amino acid sequence having the ammo acids -C-A-A-X, wherein: 

45 

0 - cysteine; 

A = any aliphatic, aromatic or hydroxy ammo acid; and 
X = any amino acid. 

50 Typically, the farnesyl acceptor or inhibitory amino acid sequence will be positioned at the carboxy terminus ot the 

protein or peptide such that the cysteine residue is in the fourth position from the carboxy terminus. 

In preferred embodiments, the inhibitor will be a relatively short peptide such as a peptide from about 4 to about 
10 amino acids in length To date, the most preferred inhibitor tested is a tetrapeptide which incorporates the -C-A-A- 
X recognition structure. It is possible that even shorter peptides will ultimately be preferred for practice of the invention 

55 jn that the shorter the peptide, the greater the uptake by such peptide by biological systems, and the reduced likelihood 
that such a peptide will be destroyed or otherwise rendered biologically ineffective prior to effecting inhibition. However, 
numerous suitable inhibitory peptides have been prepared and tested by the present inventors, and shown to inhibit 
enzymatic activities virtually completely, at reasonable concentrations, e.g., between about 1 and 3 \M (with 50% 
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inhibitions on the order of 0.1 to 0.5 uM). 

While, broadly speaking, it is believed that compounds exhibiting an IC 50 of between about 0.01 u,M and 10 jiM 
will have some utility as farnesyl transferase inhibitors, the more preferred compounds will exhibit an IC 50 of between 
0.01 jaM and 1 jiM The most preferred compounds will generally have an IC 50 of between about 0.01 u.M and 0.3 u.M. 
5 Exemplary peptides which have been prepared, tested and shown to inhibit farnesyl transferase at an IC^ of 

between 0 01 and 10 itM include CVIM; KKSKTKCVIM; TKCVIM; RASNRSCAIM; TQSPQNCSIM; CUM; CVVM; CVLS; 
CVLM; CAIM; CSIM; CCVQ; CMC: CMS; CVIS; CVLS: CVIA; CVIL: CLIL; CLLL; CTVA, CVAM; CKIM; CUM; CVLM; 
CFIM; CVFM; CVIF; CEIM; CGIM; CPIM; CVYM; CVTM. CVPM; CVSM, CVIF; CVIV; CVIP; CVII. 

A variety of peptides have been synthesized and tested such that now the inventors can point out peptide se- 
io quencing having particularly high inhibitory activity, i.e., wherein relatively lower concentrations of the peptides will 
exhibit an equivalent inhibitory activity (IC 50 ). Interestingly, it has been found that slight changes in the sequence of 
the acceptor site can result in loss of inhibitory activity. Thus, when TKCVIM is changed to TKVCIM, the inhibitory 
activity of the peptide is reversed. Similarly, when a glycine is substituted for one of the aliphatic amino acids in CAAX. 
a decrease in inhibitory activity is observed. However, it is proposed that as long as the general formula as discussed 
i5 above is observed, one will achieve a structure that is inhibitory to farnesyl transferase. 

A particularly important discovery is the finding that the incorporation of an aromatic residue such as phenylalanine, 
tyrosine or tryptophan into the third position of the CAAX sequence will result in a "pure" inhibitor. As used herein, a 
'pure" farncsyl:protcm transferase inhibitor is intended to refer to one wtiich docs not in itself act as a substrate for 
farnesylation by the enzyme. This is particularly important in that the inhibitor is not consumed by the inhibition process, 
20 leaving the inhibitor to continue its inhibitory function unabated. Exemplary compounds which have been tested and 
found to act as pure inhibitors include CVIF, CVFM, and CVYM. Pure inhibitors will therefore incorporate an inhibitory 
amino acid sequence rather than an acceptor sequence, with the inhibitory sequence characterized generally as having 
an aromatic moiety associated with the penultimate carboxy terminal amino acid, whether it be an aromatic amino acid 
or another amino acid which has been modified to incorporate an aromatic structure. 
25 Importantly, the pure inhibitor CVFM is the best inhibitor identified to date by the inventors. It should be noted that 

the related peptide, CFVM is not a "pure" inhibitor, its inhibitory activity is due to its action as a substrate for farnesylation. 

The potency of CVFM peptides as inhibitors of the enzyme may be enhanced by attaching substituonts such as 
fluoro, chloro or nitro derivatives to the phenyl ring. An example is parachlorophenylalanine, which has been tested 
and found to have "pure" inhibitory activity It may also be possible to substitute more complex hydrophobic substances 
30 for the phenyl group of phenylalanine. These would include naphthyl ring systems. 

The present inventors propose that additional improvements can be made in pharmaceutical embodiments of the 
inhibitor by including within their structure moieties which wiil improve their hydrophobicity, which it is proposed will 
improve the uptake of peptidyl structures by cells Thus, in certain embodiments, it is proposed to add fatty acid or 
polyisoprenoid side chains to the inhibitor which, it is believed, will improve Their lipophilic nature and enhance their 
35 cellular uptake. 

Other possible structural modifications include the addition of benzyl, phenyl or acyl groups to the amino acid 
structures, preferably at a position sufficiently removed from the farnesyl acceptor site, such as at the amino terminus 
of the peptides. It is proposed that such structures will serve to improve lypophilicity In this regard, the inventors have 
found that N-acetylated and N-octylated peptides such as modified CVIM retain there much of their inhibitory activity, 

<to whereas S-acetoamidated CVIM appears to lose much of its inhibitory activity. 

The invention also contemplates that modifications can be made in the structure of inhibitory proteins or peptides 
to increase their stability within the body, such as modifications that will reduce or eliminate their susceptibility to deg- 
radation, e.g., by proteases. For example, the inventors contemplate that useful structural modifications will include 
the use of amino acids which are less likely to be recognized and cleaved by proteases, such as the incorporation of 

4 5 D-amino acids, or amino acids not normally found in proteins such as ornithine or taurine. Other possible modifications 
include the cyclization of the peptide, derealization of the NH groups of the peptide bonds with acyl groups, etc. 

Assays For Farnesyl: Protein Transferase 

50 In still further embodiments, the invention concerns a method for assaying farnesyl transferase activity in a com- 

position. This is an important aspect of the invention in that such an assay system provides one with not only the ability 
to follow isolation and purification of tho enzyme, but it also forms the basis for developing a screening assay for 
candidate inhibitors of the enzyme, discussed in more detail below The assay method generally includes simply de- 
termining the ability of a composition suspected of having farnesyl transferase activity to catalyze the transfer of farnesol 

55 to an acceptor protein or peptide. As noted above, a farnesyl acceptor protein or peptide is generally defined as a 
protein or peptide which will act as a substrate for farnesyl transferase and which includes a recognition site such as 
-C-A-A-X. as defined above. 

Typically, the assay protocol is carried out using farnesyl pyrophosphate as the farnesol donor in the reaction 
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Thus, one will find particular benefit in constructing an assay wherein a label is present on the farnesyl moiety of farnesyl 
pyrophosphate, in that one can measure the appearance of such a label, for example, a radioactive label, in the farnesyl 
acceptor protein or peptide. 

As with the characterization of the enzyme discussed above, the farnesyl acceptor sequence which are employed 
5 in connection with the assay can be generally defined by -C-A-A-X, with preferred embodiments including sequences 
such as -C-V-l-M, -C-S-l-M, -C-A-l-M, etc , all of which have been found to serve as useful enzyme substrates. It is 
believed that most proteins or peptides that include a carboxy terminal sequence of -C-A-A-X can be successfully 
employed in farnesyl protein transferase assays. For use in the assay a preferred farnesyl acceptor protein or peptide 
will be simply a p21 ras protein This is particularly true where one seeks to identify inhibitor substances, as discussed 
10 in more detail below, which function either as "false acceptors" in that they divert farnesylation away from natural 
substrates by acting as substrates in and or themselves, or as "pu re" inhibitors which are not in themselves farnesylated 
The advantage of employing a natural substrate such as p21 MS is several fold, but includes the ability to separate the 
natural substrate from the false substrate to analyze the relative degrees of farnesylation. 

However, for the purposes of simply assaying enzyme specific activity, e.g., assays which do not necessarily involve 
is differential labeling or inhibition studies, one can readily employ short peptides as a farnesyl acceptor in such protocols, 
such as peptides from about 4 to about 10 ammo acids in length which incorporate the recognition signal at their 
carboxy terminus. Exemplary farnesyl acceptor protein or peptides include but are not limited to CVIM, KKSKTKCVI M, 
TKCVIM; RASNRSCAIM; TQSPQNCSIM; CUM; CVVM; and CVLS. 

20 Assays for Candidate Substances 

In still further embodiments, the present invention concerns a method for identifying new farnesyl transferase 
inhibitory compounds, which may be termed as "candidate substances." It is contemplated that this screening technique 
will prove useful in the general identification of any compound that will serve the purpose of inhibiting farnesyl trans- 
25 ferase. It is further contemplated that useful compounds in this regard will in no way be limited to proteinaceous or 
peptidyl compounds. In fact, it may prove to be the case that the most useful pharmacologic compounds for identification 
through application of the screening assay will be non-poptidyl in nature and. e.g., which will be recognized and bound 
by the enzyme, and serve to inactivate the enzyme through a tight binding or other chemical interaction. 

Thus, in these embodiments, the present invention is directed to a method for determining the ability of a candidate 
30 substance to inhibit a farnesyl transferase enzyme, the method including generally the steps of: 

(a) obtaining an enzyme composition comprising a farnesyl transferase enzyme that is capable of transferring a 
farnesyl moiety to a farnesyl acceptor substance; 

35 (b) admixing a candidate substance with the enzyme composition; and 

(c) determining the ability of the farnesyl transferase enzyme to transfer a farnesyl moiety to a farnesyl acceptor 
substrate in the presence of the candidate substance. 

to An important aspect of the candidate substance screening assay hereof is the ability to prepare a farnesyl trans- 

ferase enzyme composition in a relative purified form, for example, in a manner as discussed above. This is an important 
aspect of the candidate substance screening assay in that without at least a relatively purified preparation, one will not 
be able to assay specifically for enzyme inhibition, as opposed to the effects of the inhibition upon other substances 
in the extract which then might affect the enzyme. In any event, the successful isolation of the farnesyl transferase 

4 $ enzyme now allows for the first time the ability to identify new compounds which can be used for inhibiting this cancer- 
related enzyme. 

The candidate screening assay is quite simple to set up and perform, and is related in many ways to the assay 
discussed above for determining enzyme activity. Thus, after obtaining a relatively purified preparation of the enzyme, 
one will desire to simply admix a candidate substance with the enzyme preparation, preferably under conditions which 

50 would allow the enzyme to perform its farnesyl transferase function but for inclusion of a inhibitory substance. Thus, 
for example, one will typically desire to include within the admixture an amount of a known farnesyl acceptor substrate 
such as a p21 ras protein. In this fashion, one can measure the ability of the candidate substance to reduce farnesylation 
of the farnesyl acceptor substrate relatively in the presence of the candidate substance 

Accordingly, one will desire to measure or otherwise determine the activity of the relatively purified enzyme in the 

55 absence of the added candidate substance relative to the activity in the presence of the candidate substance in order 
to assess the relative inhibitory capability of the candidate substance 
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Methods of Inhibiting Famesyl: protein Transferase 

In still further embodiments, the present invention is concerned with a method of inhibiting a famesyl transferase 
enzyme which includes subjecting the enzyme to an effective concentration of a farnesyl transferase inhibitor such as 

s one of the family of peptidyl compounds discussed above, or with a candidate substance identified in accordance with 
the candidate screening assay embodiments. This is, of course, an important aspect of the invention in that it is believed 
that by inhibiting the farnesyl transferase enzyme, one will be enabled to treat various aspects of cancers, such as ras- 
related cancers. It is believed that the use of such inhibitors to block the attachment of farnesyl groups to ras proteins 
in malignant cells of patients suffering with cancer or pre-cancerous states will serve to treat or palliate the cancer, and 

10 maybe useful by themselves or in conjunction with other cancer therapies, including chemotherapy resection, radiation 
therapy, and the like. 

Qenes Encoding FarnesyhProtein Transferase Enzyme 

In still further embodiments, the invention relates to the preparation of farnesyl:protein transferase through the 
application of recombinant DNA technology. The inventors have recently determined the feasibility of isolating genes 
encoding one or both of the farnesyhprotein transferase subunits. It is proposed that such recombinant genes may be 
employed for a variety of applications, including, for example, the recombinant production of the subunits themselves 
or proteins or peptides whose structure is derived from that of the subunits, in the preparation of nucleic acid probes 

20 or primers, which can, for example, be used in the identification of related gene sequences or studying the expression 
of tho subunit(s), and the like. 

It is proposed that the recombinant cloning of the genes encoding the respective a and p subunits may be achieved 
most readily through the use of the peptide sequence information set forth above. The direct manner in which to proceed 
with such cloning is through the preparation of a recombinant clone bank, preferably cDNA clone bank using poly A + 

25 RNA from a desired cell source (although it is believed that where desired, one could employ a genomic bank) In that 
the enzyme appears to be fairly ubiquitous in nature, it is believed that virtually any eukaryotic cell source may be 
employod for tho initial preparation of RNA. Ono may mention by way of example, yeast, mammalian, plant, eukaryotic 
parasites and even viral-infected types of cells as the source of starting poly A + RNA 

Since the protein was initially purified from a mammalian source (rat), one may find particular advantage in em- 

50 ploying a mammalian cell source, such as a rat or human cell line, as an RNA source. It may, however, be advantageous 
to first test the cell to be employed to ensure that relatively high levels of the enzyme are being produced by the selected 
cell line. Rat brain, PC12 (a rat adrenal tumor cell line) and KNRK (a newborn rat kindney cell line) cells are presently 
the most preferred by the inventors in that they very high levels of endogenous farnesyl protein transferase activity 
The inventors have proceeded in initial studies employing the foregoing cell types as sources of RNA 

35 it is believed that the type of cDNA clone bank is not particularly crucial. However, one will likely find particular 

benefit through the preparation and use of a phage-based bank, such as Xgt10 or Xgt11, preferably using a particle 
packaging system Phage-based cDNA banks are preferred because of the large numbers of recombinants that may 
be prepared and screened will relative ease. The manner in which the cDNA itself is prepared is not believed to be 
particularly crucial. However, the inventors believe that it may be beneficial to employ the both oligo dT as well as 

40 randomly primed cDNA in that the size of the mRNA encoding the farnesyl:protein transferase may be large and thus 
difficult to reverse transcribe in its entirety. 

Once a clone bank has been prepared, it may be screened in a number of fashions. For example, one could employ 
the subunit peptide sequences set forth above for the preparation of nucleotide probes which may be employed directly 
to screen the bank by hybridization screening. However, a more preferred approach is to use the peptide sequences 

4 $ in the preparation of primers which may be used in PCR-based reactions to amplify and then sequence portions of the 
selected subunit gene, to thereby confirm the actual underlying DNA sequence, and to prepare longer and more specific 
probes for screening. These primers may also be employed for the preparation of cDNA clone banks which are enriched 
for 3' and/or 5' sequences. This may be important, e.g., where less than a full length clone is obtained through the 
initially prepared bank. 

50 Once a positive clone or clones have been obtained, and engineered to ensure a full length sequence (if needed 

and where desired), one may proceed to prepare an expression system for the recombinant preparation of one or both 
subunits It is believed that virtually any expression system may be employed for preparing one or both subunits. For 
example, it is envisioned that even bacterial expression systems may be employed, e g., where one envisions using 
the subunit for its immunologic ratherthan biologic properties. Of course, where a biologically active enzyme is needed, 

55 one will prefer to employ a eukaryotic expression system employing eukaryotic cells, most preferably cotransformod 
with DNA encoding both subunits 

It is believed that virtually any eukaryotic expression system may be employed as desired. A preferred system for 
expression of farnesyhprotein transferase DNA is a cytomegalo virus promoter-based expression vector in simian COS 
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to electrophoresis on an 1 0% SDS polyacrylamide gel The gel was stained with silver nitrate and calibrated with marker 
proteins (far-right lane). 

Figure B . Inhibition of Farnesyl: Protein Transferase Activity by Peptides. Each standard reaction mixture contained 
1 0 pmol [ 3 H]FPP, 1 .8 u,g of partially purified farnesyl: protein transferase, 40 jiM p2 1 H - ras , and the indicated concentration 

5 of competitor peptide added in 3 |il of 10 mM DTT After incubation for 1 h at 37*C, TCA-precipitable radioactivity was 
measured as described in Experimental Procedures. Each value is the mean of triplicate incubations (no peptide) or 
a single incubation (+ peptide). A blank value of 0.11 pmol/h was determined in a parallel incubation containing 20 mM 
EDTA This blank was subtracted from each value before calculating "% of control" values. The "1 00% of control" value 
after subtraction of the blank was 3 78 pmol of pH]FPP p21 H ' ras formed per h Peptides A, o and o correspond to the 

io COOH-terminal 10, 6, and 4 amino acids of wild-type human p21 Hra * protein, respectively. Peptides □ and A are 
control peptides. 

Figure 9 . Inhibition of Farnesyl:Protein Transferase Activity by Peptides. Incubations were carried out exactly as 
described in the legend to Fig. 8. The "100% of control value" was 2.92 pmol of [ 3 H]farnesyl p21 H ' ras formed per hour. 
The blank value was 0.20 pmol/h Each peptide consisted of the COOH-terminal 10 residues of the indicated protein. 

?5 Figure 10 Inhibition of Farnesyl:Protein Transferase By Tetrapeptide Analogues of CVIM The standard assay 

mixture contained 15 pmol [ 3 HJFPP, 4 to 7.5 jig partially purified farnesyl transferase, 30 or 40 jiM p21 H - ra * and the 
indicated concentration of competitor tetrapeptide. After 30 or 60 min, the amount of pH]farnesyl attached to p2\ H ras 
was measured by trichloracetic acid precipitation as described in the methods section of Example II. Each value is the 
average of duplicate or triplicate incubations (no peptide) or a single incubation (+peptide). Each tetrapeptide was 

20 tested in a separate experiment together with equivalent concentrations of CVIM. The values for inhibition by CVIM 

( ) roprosent mean values from 21 experiments experiments in which the mean "100% of control' value was 13 

pmol min^mg protein* 1 . K j: concentration of tetrapeptide giving 50% inhibition. 

Figure 11 . Inhibition of Farnesyl:Protein Transferase Activity By Phenylalanme-Containing Analogues of CVIM. 
Enzyme activity was measured in the presence of the indicated concentration of competitor tetrapeptide as described 

25 m the legend to Figure 10. 

Figure 12 . Inhibition of Farnesylation of p21 H *'«* (A) and Biotinylated KTSCVIM (B) By CVFM. Panel A . Each 
reaction mixture contained 15 pmol [ 3 H]FPP, 4.5 or 6ng of purified farnesyl:protein transferase, 40 jiM p21 H * / * 5 , and 
the indicated concentration of competitor tetrapeptide After incubation for 30 min at 37 a C, the amount of [ 3 H]farnesyl 
transferred to p21 H " /a5 was measured by the standard filter assay. Values shown are the average of two experiments 

30 The "100% of control" values were 16 and 19nmolmin' 1 mg protein -1 , Panel B : Each reaction contained 15 pmol [ 3 H] 
FPP, 4.5 or6ng of purified farnesyl:protein transferase, 3.4 jiM biotinylated KTSCVIM, and the indicated concentration 
of competitor tetrapeptide. After incubation for 30 min at 37°C, the [ 3 H]farnesyl-labeled peptide was trapped on strepta- 
vidinagarose, washed, separated from the unincorporated [ 3 H]FPP, and subjected to scintillation counting. Values 
shown are the mean of 3 experiments The '100% of control" values were 10, 17, and 21 nmol min^mg protein* 1 

05 Figure 1 3 . Inhibition of Farnesyl Protein Transferase By Modified Tetrapeptides. Enzyme activity was measured 

in the presence of varying concentrations of the indicated tetrapeptide as described in the legend to Figure 10. The 
"100% of control" values were 9.3 and 9 2 pmol min* 1 mg protein' 1 in Panels A and B , respectively. 

Figure 14 . Inhibition of Farnesyl: Protein Transferase By Tetrapeptides With Single Amino Acid Substitutions in 
CVIM. Enzyme activity was measured in the presence of the indicated competitor tetrapeptide as described in the 

4 o legend to Figures 10 and 11. Each tetrapeptide was tested at seven different concentrations ranging from 0.01 to 100 
u.M. The concentration of tetrapeptide giving 50% inhibition was calculated from the inhibition curve The single and 
double underlines denote tetrapeptides corresponding to the COOH-terminal sequence of mammalian and fungal pro- 
teins, respectively, that are candidates for farnesylation (see Table III). 

Figure 15 . Farnesylation of CVIM but not CVFM by purified farnesyl:protem transferase. The standard assay mix- 

45 ture (25 uJ) contained 17 pmol [ 3 H]FPP (44,000 dpm/pmol), 5 ng of purified farnesyl :protein transferase, 0.2% (w/v) 
octyl-P-D-glucoside, and 3.6 uM of the indicated tetrapeptide. After incubation for 15 min at 37°C, the entire reaction 
mixture was subjected to thin layer chromatography for 4 h on Polygram SIL G sheet (Bnnkmann Instruments) in a 
solvent system containing n-propanol/concentrated NH 4 OH/water (6:3:1). TheTLC sheet was then dried, sprayed with 
ENHANCE Spray (Dupont-New England Nuclear) and exposed to Kodak X-OMAT AR Film XAR-5 for 25 h at -70°C. 

50 Figure 16 . A description of primers proposed for use in the cloning of the a subunit gene. 

Figure 17 . A description of primers proposed for use in the cloning of the p subunit gene. 
The following examples illustrate techniques discovered by the inventors for the identification and purification of 
farnesyl protein transferase enzyme, as well as techniques for its assay and for the screening of new compounds which 
may be employed to inhibit this enzyme. These studies also demonstrate a variety of peptidyl compounds which them- 

55 selves can be employed to inhibit this enzyme. It should be appreciated by those of skill in the art that the techniques 
disclosed in the examples which follow represent laboratory techniques discovered by the inventors to function well in 
the practice of the invention, and thus can be considered to constitute preferred modes for its practice. However, those 
of skill in the an should, in light of the present disclosure, appreciate that many changes can be made in the specific 
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cells or human embryonic kidney 293 cells, although other systems, including but not limited to baculovirus-based, 
glutamine synthase-based or dihydrotolate reductase-based systems may prove to be particularly useful. It is believed 
that once a full length recombinant gene has been obtained, whether it be cDNA based or genomic, then the engineering 
of such a gene for expression in a prokaryotic or eukaryotic system may be performed by techniques generally known 
5 to those of skill in recombinant expression. 

The invention is described in part by reference to the following figures: 

Figure 1 . Transfer of Famesol f rom [ 3 H]FPP to p21 H ' ras by Partially Purified Rat Brain Famesyl: Protein Transferase. 
Each standard assay mixture contained 10 pmoles of [ 3 H]FPP and 3.5 ng of partially purified farnesyl transferase in 
the absence (L) or presence (•) of 40 u-M p21 H *^ 5 Duplicate samples were incubated for the indicated time at 37 D C, 

10 and TCA-precipitable radioactivity was measured as described in the Examples. The inset shows the migration on a 
12% SDS polyacrylamide gel of an aliquot from a reaction carried out for 1 h in the absence or presence of p2l H /a f 
The gel was treated with Entensify solution (DuPont), dried, and exposed to XAR film for 2 days at -70'C. 

Figure 2 . Substrate Saturation Curves for Farnesyl Protein Transferase Panel A , each standard reaction mixture 
contained 1 .8 jag of partially purified farnesyl transferase, 40 |ig p2l H " ra5 , [ 3 H]FPP (250,000 dpm); and varying amounts 

15 of unlabeled FPP to give the indicated final concentration of [ 3 H]FPP. Panel B , each standard reaction mixture contained 
3.2 |ag partially purified farnesyl transferase, 10 pmol [ 3 H]FPP, and the indicated concentration of p21 H/as that had 
been incubated with 50 u,M of the indicated nucleotide for 45 min at 30°C and then passed through a G-50 Sephadex 
gel filtration column at room temperature in buffer containing 10 mM Tris-chlorido (pH 7.7), 1 mM EDTA, 1 mM DTT, 
and 3 mM MgCI 2 . For both panels, assays were carried out in duplicate for 1 h at 37 3 C : and TCA-precipitable radio- 

20 activity was measured as described in the Example. 

Figure 3 . Divalent Cation Requirement for Farnesyl: Protein Transferase. Each standard reaction mixture contained 
10 pmol [ 3 H]FPP, 2.5 ug of partially purified farnesyl transferase, 40 u.M p21 Hras , 0.15 mM EDTA, and the indicated 
concentrations of either ZnC^ (•) or MgCI 2 (A). Incubations were carried out in duplicate for 1 h at 37°C, and TCA- 
precipitable radioactivity was measured as described in the Examples. 

25 Figure 4 . Identification of [ 3 H]FPP-denved Radioactive Material Transferred to p21 H ' / ' as Panel A , an aliquot from 

a standard reaction mixture was subjected to cleavage with methyl iodide as described in the Examples. Panel B , 
another aliquot was treatod identically except methyl iodide was omitted. After cleavage, the extracted material was 
dried under nitrogen, resuspended in 0.4 ml of 50% (v/v) acetonitrile containing 25 mM phosphoric acid and 6 nmoles 
of each isoprenoid standard as indicated. The mixture was subjected to reverse phase HPLC (C18, Phenomex) as 

30 described by Casey, et al. (6) except that an additional 10-mm wash with 100% acetonitrile/phosphoric acid was used. 
The isoprenoid standards were identrfied by absorbance at 205 nm: C 10 , all -trans geraniol; C 15 , all -trans farnesol; C^, 
all- trans geranylgeraniol. 

Figure 5 . Chromatography of Farnesyi:Protein Transferase on a Mono Q Column. The 30-50% ammonium sulfate 
fraction from rat brain (200 mg) was applied to a Mono Q column (10 x 1-cm) equilibrated in 50 mM Tris-chloride (pH 

35 7.5) containing 1 mM DTT, 20 u-M ZnCI 2 , and 0.05 M NaCI. The column was washed with 24 ml of the same buffer 
containing 0.05 M NaCI, followed by a 24-ml linear gradient from 0.05 to 0.25 M NaCI, followed by a second wash with 
24 ml of the same buffer containing 0 25 M NaCI. The enzyme was then eluted with a 112-ml linear gradient of the 
same buffer containing 0.25-1 .0 M NaCI at a flow rate of 1 ml/mm. Fractions of 4 ml were collected. An aliquot of each 
fraction (2 uJ) was assayed for farnesyl:protein transferase activity by the standard method (o). The protein content of 

4 o each fraction (♦) was estimated from the absorbance at 280 nm. 

Figure 6A . SDS Polyacrylamide Gel Electrophoresis of Farnesyl. Protein Transferase at Various Stages of Purifi- 
cation. 1 0 u.g of the 30-50% ammonium sulfate fraction (lane 1 ), 3 u.g of the Mono Q fraction (lane 2), and approximately 
90 ng of the peptide affinity-column fraction (lane 3) were subjected to SDS-10% polyacrylamide gel electrophoresis, 
and the protein bands were detected with a silver stain. The farnesyl :protein transferase activity in each sample loaded 

45 onto the gel was approximately 0.1, 0.8, and 54 units/lane for lanes 1, 2, and 3, respectively. The molecular weights 
for marker protein standards are indicated. Conditions of electrophoresis: 10% mini gel run at 30 mA for 1 h. 

Figure 6B SDS Polyacrylamide Gel Electrophoresis of Purified Famesyl Protein Transferase. 0.7 jig of the peptide 
affinity-punfied-column fraction (right lane) was subjected to SDS-10% polyacrylamide gel electrophoresis, and the 
protein bands were detected with a Coomassie Blue Stain. The molecular weights for marker protein standards (left 

50 lane) are indicated. Conditions of electrophoresis: 10% standard size gel run at 30 mA for 3 h. 

Figure 7 Gel Filtration of FamesylProtein Transferase. Affinity-purified farnesyl transferase (- 1 ng protein) was 
subjected to gel filtration on a Superose-12 column (25 x 0.5-cm) in 50 mM Tris-chloride (pH 7 5) containing 0.2 M 
NaCI, 1 mM DTT, and 0.2% octyl-p-D-glucopyranoside at a flow rate of 0.2 ml/min. Fractions of 0.5 ml were collected 
Panel A, a 6-uJ aliquot of each fraction was assayed for farnesyl:protein transferase activity by the standard method 

5 * except that each reaction mixture contained 0.2% octyl-(i-D-glucopyranosido. The column was calibrated with thy- 
roglobulm (670 kDa), y-globulin (158 kDa), ovalbumin (44 kDa), myoglobin (17 kDa), and vitamin B12 (1.35 kDa) 
Arrows indicate the elution position of the 158-kDa and 44-kDa markers. Panel B , a 0.42-ml aliquot of each fraction 
was concentrated to 40 uJ with a Centricon 30 Concentrator (Amicon), and 25 uJ of this material was then subjected 
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embodiments which are disclosed and still obtain a like or similar result without departing from the spirit and scope of 
the invention. 

EXAMPLE I 

5 

PREPARATION AND CHARACTERIZATION OF FARNESYL: PROTEIN TRANSFERENCE 

1. Materials 

io Peptides were obtained from Peninsula Laboratories or otherwise synthesized by standard techniques. All peptides 

were purified on HPLC, and their identity was confirmed by amino acid analysis. Just prior to use, each peptide was 
dissolved at a concentration of 0.8 mM in 10 mM dithiothreitol (DTT), and all dilutions were made in 10 mM DTI 
Unlabeled famesyl pyrophosphate (FPP) was synthesized by the method of Davisson, et al. (13). [1- 3 H]Farnesyl py- 
rophosphate (20 Ci/mmol) was custom synthesized by New England Nuclear. Geraniol and farnesol (both a\\-trans) 

is were obtained from Aldrich Chemical. All-frans geranylgeraniol was a gift of R. Coates (University of Illinois) 

Recombinant wild type human p2'\ h ' ras protein was produced in a bacterial expression system with pAT-rasH 
(provided by Channing J Der, La Jolla Cancer Research Foundation, La Jolla, CA), an expression vector based on 
pXVR (14). The plasmid was transformed into £ coii JM105, and the recombinant p21 H ' ras protein was purified at 4"C 
from a high speed supernatant of the bacterial extracts by sequential chromatography on DEAE-Sephacel and Sepha- 

^0 dex G-75. Purity was - 90% as judged by Coomassie blue staining of SDS gels. Purified p21 H * fas was concentrated 
to 15 mg/ml in 10 mM Tris-chloride (pH 7.5) containing 1 mM DTT, 1 mM EDTA, 3 mM MgCI 2: and 30 u.M GDP and 
stored in multiple aliquots at -70°C. 

2. Assay for Farnesyl: Protein Transferase Activity 

25 

Farnesyl:protein transferase activity was determined by measuring the amount of 3 H-farnesol transferred from 3 H] 
farnesyl pyrophosphate ([ 3 H]FPP) to p21 H " ra * protein. The standard reaction mixture contained the folbwing concen- 
trations of components in a final volume of 25 uJ: 50 mM Tris-chloride (pH 7.5), 50 u,M ZnCI 2 , 20 mM KCI, 1 mM DTT, 
and 40 uJvl p21 H ' ras . The mixture also contained 1 0 pmoles of pH]FPP (~ 30,000 dpm/pmol) and 1 6-3.5 jig of partially 

30 purified farnesyl:protein transferase (see below). After incubation for 1 h at 37°C in 1 2 x 75-mm borosilicate tubes, the 
reaction was stopped by addition of 0.5 ml of 4% SDS and then 0.5 ml of 30% trichloroacetic acid (TCA). 

The tubes were vortexed and left on ice for 45-60 min, after which 2 ml of a 6% TCA/2% SDS solution were added. 
The mixture was filtered on a 2.5-cm glass fiber filter with a Hoefer filtration unit (FH 225). The tubes were rinsed twice 
with 2 ml of the same solution, and each filter was washed five times with 2 ml of 6% TCA, dried, and counted in a 

35 scintillation counter. One unit of activity is defined as the amount of enzyme that transfers 1 pmol of [ 3 H]farnesol from 
[ 3 H]FPP into acid-precipitable p21 H per hour under the standard conditions. 

3. Purification of Farnesyl: Protein Transferase 

40 All steps were carried out at 4°C except where indicated: 

Step 1 - Ammonium Sulfate Fractionation : Brains from 50 male Sprague-Dawley rats (100-150 g) were homoge- 
nized in 100ml of ice-cold buffer containing 50 mM Tris-chloride (pH 7.5), 1 mM EDTA, 1 mM EGTA, 0.2 mM phenyl- 
methylsulfonyl fluoride, and 0.1 mM leupeptin, and the extract was spun at 60,000 xq for 70 min. The supernatant was 
brought to 30% saturation with solid ammonium sulfate, stirred for 30 minutes on ice, and centnfuged at 12,000 x 5 

45 for 10 min to remove precipitated proteins. The resulting supernatant was adjusted to 50% saturation with ammonium 
sulfate, and the resulting pellet was dissolved in - 20 ml of 20 mM Tris-chloride (pH 7.5) containing 1 mM DTT and 20 
|iM ZnCI 2 and dialyzed for 4 hours against 4 liters of the same buffer and then 4 liters of fresh buffer of the same 
composition for 12 h. The dialyzed material was divided into multiple aliquots and stored at -70*C. 

Step 2 - Ion-exchange Chromatography : A portion of the 30-50% ammonium sulfate fraction (200 mg protein) was 

so chromatographed on a Mono Q 10/10 column using an FPLC system (Pharmacia LKB Biotechnology). The column 
was run as described in the legend to Fig. 5 Fractions eluting between 0.3 and 0.4 M NaCI contained the majority of 
the transferase activity. These fractions wore poolod, divided into multiple aliquots, and stored at -70°C. 

Step 3 - Affinity Chromatography An affinity column containing a peptide corresponding to the COOH-terminal six 
amino acids of p 21 K ' ra * B protein was prepared as follows. Fifteen mg of the peptide TKCVIM were coupled to 1 g of 

55 activated CH-Sepharose 4B (Pharmacia LKB Biotechnology) according to the manufacturer's instructions. The result- 
ing 2 5-ml slurry was poured into a column, and excess uncoupled peptide was removed by 10 cycles of alternating 
washes, each consisting of 40 column volumes of 0 1 M sodium acetate (pH 4.0) and then 0.1 M Tris-chloride (pH 
8.0). Both buffers contained 1 M NaCI and 10 mM DTT. The column was stored at 4°C in 20 mM Tris-chloride (pH 7.2) 



12 



EP 0 528 820 B1 



and 0.02% sodium azide Fifteen mg of Mono Q-purified material in 10 ml were applied to a 1-ml peptide column 
equilibrated in 50 mM Tris-chloride (pH 7.5) containing 0. 1 M NaCI and 1 mM DTT (Buffer A). The enzyme-containing 
solution was cycled through the column three times at room temperature. The column was washed with 20 ml of Buffer 
A containing 0.2% (w/v) octyl-p-D-glucopyranoside (Buffer B). The enzyme was eluted with 20 ml of 50 mM Tris- 

s succinate (pH 5.0) containing 1 mM DTT, 0 1 M NaCI, and 0.2% octyl-p-D-glucopyranoside. The pH 5 eluate was 
concentrated and washed twice with a 10-fold excess of Buffer B in a CF25 Centriflo ultrafiltration cone (Amicon) and 
brought to 1 ml (10-fold concentration relative to the starting material). 

Step 4 -Gel Filtration Affinity-purified farnesyl transferase (~ 1 |xg) waschromatographedon a Superose 12 column 
as described in the legend to Figure 7. 

10 In the enzyme characterization experiments of Figs. 1-4, 8, and 9, a partially purified fraction of farnesylprotein 

transferase was used. This enzyme was prepared by Steps 1 and 2 as described above, after which 6 mg of the Mono 
Q-purified material was concentrated to 2 ml and then loaded onto a 1 .6 x 50-cm Sephacryl S-200 high resolution gel 
filtration column (Pharmacia LKB Biotechnology). The column was equilibrated with 50 mM Tris-chloride (pH 7.5) con- 
taining 1 mM DTT, 0.2 M NaCI, 20 u.M ZnCI 2 , and 0.2% octyl-p-glucopyranoside and eluted with the same buffer at a 

is flow rate of 15 ml/h. Only the peak fraction, containing 1 mg protein and 40% of initial activity, was used for studies 

4. Identification of 3 H-lsoprenoid Transferred from [ 3 H]FPP 

A modification of the procedure described by Casey et al. (ref. 6) was employed as follows Briefly, two standard 
20 transferase reactions of 25-uJ each were conducted for 1 hour at 37*C. The mixtures were then pooled, and a 25-u.l 
aliquot from the 50-uJ pooled sample was dilutod to 250 uJ with 2% (w/v) SDS This mixture was precipitated with an 
equal volume of 30% TCA. filtered through nitrocellulose, (7 mm disc), washed twice with 250 u.1 6% TCA/2% SDS 
followed by five washes with 5% TCA, digested with 8 u.g trypsin, and subjected to cleavage with methyl iodide. The 
released 3 H-isoprenoids were extracted into chloroform/mcthanol and chromatographed on a reverse-phase HPLC 
25 system as described in the legend to Fig. 4. 

5. Other Methods 

SDS polyacrylamide gel electrophoresis was carried out as described by Laemmli (16). Gels were calibrated with 
30 high range SDS-PAGE standards (Bio-Rad). Protein content of extracts was measured by the method of Lowry, et al. 
(17) except for that or the affinity-purified material, which was estimated by comparison to the bovine serum albumin 
marker (M r 66,000) following SDS gel electrophoresis and Coomassie staining. 

6. Discussion 

35 

As an initial attempt to identify a farnesyl protein transferase enzyme, rat brain cytosol was fractionated with am- 
monium sulfate and the active fraction subjected to ion exchange chromatography on a Mono Q column followed by 
gel filtration on Sephacryl S-200. Figure 1 shows that the active fraction from this column incorporated radioactivity 
from [ 3 H]farnesol into trichloroacetic acid precipitable p21 H " ra5 in a time-dependent fashion at 37°C The incorporated 

40 radioactivity could be visualized as a band of the expected molecular weight of - 21 kDa on SDS polyacrylamide gels 
(inset). The concentration of [ 3 H]farnesyl pyrophosphate that gave half -maximal reaction velocity was approximately 
0.5 u,M (Fig. 2A). The half -maximal concentration for p21 Hra5 was approximately 5 uM, and there was no difference 
when the p21 H_ra5 was equilibrated with a nonhydrolyzable GTP or ATP analogue or with GDP (Fig. 2B). 

With p21 H ' fas as a substrate, the transferase reaction was inhibited by 0.15 mM EDTA, and this inhibition was 

4 $ reversed by 0.1 to 1.0 mM concentrations of zinc or magnesium chloride (Fig 3). At higher concentrations of zinc 
chloride, inhibition was observed. 

To confirm that the transferred material was [ 3 H]farnesol, the washed trichloracetic acid-precipitated material was 
digested with trypsin, the radioactivity released with methyl iodide, and the products subjected to reverse-phase HPLC 
The methyl iodide-released material co-migrated with an authentic standard of all- trans farnesol (C 15 ) (Fig. 4A). Some 

so radioactivity emerged from the column prior to the geranol standard (c 10 ), but this was the same in the presence and 
absence of methyl iodide treatment. This early-eluting material was believed to represent some tryptic peptides whose 
radioactivfty was not released by methyl iodide. 

Figure 5 shows the elution profile of farnesyl transferase activity from a Mono Q column. The activity appeared as 
a single sharp peak that eluted at approximately 0.35 M sodium chloride. 

ss The peak tractions from the Mono Q column were pooled and subjected to affinity chromatography on a column 

that contained a covalently-bound peptide corresponding to the carboxyl-terminal 6-ammo acids of p21 K " rdsB All of the 
farnesyl transferase activity was adsorbed to the column, and about 50% of the applied activity was recovered when 
the column was eluted with a Tris-succinate buffer at pH 5. 
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Table II summarizes the results of a typical purification procedure that started with 50 rat brains. After ammonium 
sulfate precipitation, mono Q chromatography, and affinity chromatography, the farnesyl transferase was purified ap- 
proximately 61 , 000-fold with a yield of 52% The final specific activity was about 600,000 units/mg. 



TABLE II 



PURIFICATION OF FARNESYL: PROTEIN TRANSFERASE FROM RAT BRAIN 


Fraction 


Protein 


Specific Activity 


Total Activity 


Purification 


Recovery 


mg 


units/mg 


units 


-fold 


% 


30-50% 


712 


9.7 a 


6906 


1 


100 


Ammonium 












Sulfate 












Mono Q 


30 


275 


B250 


28 


119 


Affinity Column 


~ 0.006 b 


600,000 


3600 


61,855 


52 


The purification procedure was started with 50 rat brains. 



a One unit of enzyme activity is the amounl of enzyme that transfers 1 pmol of [^H]famesol from [ J H]FPP inlo acid- precipi lab te p2t n ~J-^ per h under 
the standard conditions. 

b Protein concentration was estimated by coomaesie blue staining of a SDS polyacrylamide gel using various amounts (0.5 to 2 of bovine serum 
albumin as a reference standard. 



Figure 6A shows the SDS gel electrophoretic profile of the proteins at each stage of this purification as visualized 
by silver staining The peptide affinity column yielded a single protein band with an apparent subunit molecular weight 
of 50,000. When the purified enzyme was subjected to SDS gel electrophoresis under more sensitive conditions, the 
50-kDa protein could be resolved into two closely spaced bands that were visualized in approximately equimolar 
amounts (Figure 6B). 

To confirm that the 50-kDa band was the farnesyl transferase enzyme, the affinity column purified material was 
subjected to gel filtration. Figure 7 shows that the farnesyl transferase activity and the 50-kDa band co-eluted from this 
column at a position corresponding to an apparent molecular weight of 70-100 kDa as determined from the behavior 
of markers of known molecular weight. 

The adherence of the farnesyl transferase to the peptide affinity column suggested that the enzyme was capable 
of recognizing short peptide sequences. To test for the specificity of this peptide recognition, the ability of various 
peptides to compete with p21 H * ras for the farnesyl transferase activity was measured. The peptide that was used for 
affinity chromatography corresponded to the carboxyl terminal six ammo acids of P21 K " ras6 (TKCVIM). As expected, 
this peptide competitively inhibited tarnesylation of P21 H * ra3 (open circles in Fig 8). The terminal 4-amino acids in this 
sequence (CVIM) (closed circles) were sufficient for competition. These two short peptides were no less effective than 
a peptide that contained the final 10-amino acids of the sequence (KKSKTKCVIM) (open triangles). The simple trans- 
position of the cysteine from the fourth to the third position from the COOH-tcrminus of the hexapeptido (TKVCIM) 
(closed triangles) severely reduced inhibitory activity. An irrelevant peptide (cbsed squares) also did not inhibit. 

Figure 9 compares the inhibitory activities of four peptides of 10-amino acids each, all of which contain a cysteine 
at the fourth position from the COOH-terminus. The peptides corresponding to the COOH-terminus of human p2 1 K ' ra3e 
and human lamm A and lamin B all inhibited tarnesylation. All of these peptides are known to be prenylated in vivo (6, 
1 5). On the other hand, the peptide corresponding to the sequence of rat Gict1 , a 40-kDa G protein that does not appear 
to be farnesylated in vivo (Casey. P., unpublished observations), did not compete for the farnesyl transferase reaction. 

In data not shown it was found that the 10-amino acid peptide corresponding to the COOH-terminus of p21 H ' ras 
(CVLS), p21 N -' a * (OVUM), and p21 H ' fasA (CUM) all competed for the tarnesylation reaction. 

EXAMPLE II 

FURTHER CHARACTERIZATION OF FARNESYL:PROTEIN TRANSFERASE 

In the present Example, a series of tetrapeptides were tested for their ability to bind to the rat brain p21 H-ra * farnesyl: 
protein transferase as estimated by their ability to compete with p21 H ra$ in a farnesyl transfer assay Peptides with the 
highest affinity had the structure Cys-A1-A2-X. where A1 and A2 are aliphatic amino acids and X is a C-terminal 
methionine, serine, or phenylalanine. Charged residues reduced affinity slightly at the A1 position and much more 
drastically at the A2 and X positions. Effective inhibitors included tetrapeptides corresponding to the COOH-termini of 
all animal cell proteins known to be farnesylated. In contrast, the tetrapeptide CAIL, which corresponds to the COOH- 
terminus of the only known examples of geranylgeranylated proteins (neural G protein ysubunits) did not compete in 
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the farnesyl transfer assay, suggesting that the two isoprenes are transferred by different enzymes. A biotinylated 
hexapeptide corresponding to the COOH-terminus of p2l K -"" e was farnesylated, suggesting that at least some of the 
peptides serve as substrates for the transferase The data are consistent with a model in which a hydrophobic pocket 
in the farnesyl protein transferase recognizes tetrapeptides through interactions with the cysteine and the last two 
5 amino acids. 

1. Materials and Methods 

a. Peptides 

w 

Peptides were prepared by established procedures of solid-phase synthesis (18) Tetrapeptides were synthesized 
on the Milligen 9050 Synthesizer using Fmoc chemistry. After deprotection of the last residue, a portion of the resin 
was used to make the N-acetyl-modified version of CVIM This was done off-line in a solution of acetic anhydride and 
dimethylformamide at pH 8 (adjusted with diisopropylethylamine). The acetylated and unacetylated peptides were 

75 cleaved with 50 ml of trifluoroacetic acid:phenol (95:5) plus approximately 1 ml of ethanedithiol added as a scavenger. 
The N-octyl-modified version of CVIM was synthesized on an Applied Biosystems Model 430 Synthesizer using tBoc 
chemistry. The octyl group was added in an amino acid cycle using octanoic acid The peptide was cleaved from the 
resin at 0°C with a 10:1:1 ratio of HF (mls):rcsin (g):anisolc (ml). Tho poptides were purified by high pressure liquid 
chromatography (HPLC) on a Beckman C18 reverse phase column (21.1 cmx 15 cm), eluted with a water-acetonitrile 

20 gradient containing 0.1 % (v/v) trifluouroacetic acid. Identity was confirmed for all peptides by fast atom bombardment 
(FAB) mass spectrometry. Just prior to use, each peptide was dissolved at a concentration of 0.8 mM in 10mM dithi- 
othreitol (DTT), and all dilutions were made in 10 mM DTT. 

Biotinylated KTSCVIM was synthesized on an Applied Biosystems 430A Synthesizer. The biotin group was added 
after removal of the N-terminal protecting group before cleavage of the poptide from the resin. Specifically, a 4-fold 

2S molar excess of biotin 4-nitrophenyl ester was added to the 0 5 g resin in 75 ml dimethylformanide at pH 8 and reacted 
for 5 h at room temperature. Cleavage, identification, and purification were carried out as described above. 

To synthesize S-acetoamido CVIM, purified CVIM was dissolved at a final concentration of imM in 0. 1 ml of 0.5 
M Tris-chloride (pH 8.0) containing 15 mM DTT The tube was flushed with nitrogen for 2 min, sealed, and incubated 
for 2.5 h at 37 °C to reduce the cysteine residue, after which iodoacetamide was added to achieve a final concentration 

30 of 35 mM. After incubation for 1 5 min at 37°C, the reaction was stopped by addition of lOmM DTT. Complete alkylation 
of CVIM was confirmed by FAB spectrometry and HPLC The molecular weight of the product corresponded to the 
expected molecular mass of S-acetoamido CVIM. 

b. Assay for FarnesykProtein Transferase 

35 - - - ~ 

The standard assay involved measuring the amount of pHjfarnesyl transferred from all -trans [ 3 H]FPP to recom- 
binant human p2'\ H ~ ras as described in Example I Each reaction mixture contained the following concentrations of 
components in a final volume of 25uJ: 50mM Tris-chloride (pH 7.5), 50 uJvl ZnCI 2 , 30 mM KCI, 1 mM DTT, 30 or 40 u.M 
p21 H - / * 3 , 15 pmol [ 3 H]FPP (12-23,000 dpm/pmol), 4 to 7.5 \ig of partially purified farnesyl.protein transferase (Mono 
to Q fraction, see Example I), and the indicated concentration of competitor peptide added in 3|il of 10mM DTT. After 
incubation for 30-60 mm at 37*C, the amount of [ 3 H]tarnesyl present in trichloroacetic actd-precipitable p21 H ~ ra * was 
measured by a filter assay as described in Example I. A blank value (< 0.6% of input pHJFPP) was determined in 
parallel incubations containing no enzyme. This blank value was subtracted before calculating '% of control" values. 

4 5 c. Transfer of r 3 H1Farnosvl from PHIFPP to Biotinylated KTSCVIM Peptide 

This assay takes advantage of the fact that peptides containing the Cys-AAX motif of ras proteins can serve as 
substrates for preny lation by farnesyl transferase. A heptapeptide containing the terminal four amino acids of p21 Kra5B 
was chosen as a model substrate since it has a 20 to 40-fold higher affinity for the enzyme than does the COOH- 
50 terminal peptide corresponding to p21 H ' ra f A biotinylated peptide is used as substrate so that the reaction product, 
[ 3 H]farnesylated peptide, can be trapped on a solid support such as streptavidinagarose. The bound [ 3 H]farnesylated 
peptido can then be washod, separated from unincorporated [ 3 H]FPP, and subjected to scintillation counting. 

The biotin-modified KTSCVIM is synthesized on an Applied Biosystems 430A Synthesizer using established pro- 
cedures of solid phase peptide synthesis. The biotin group is added after deprotection of lysine and before cleavage 
55 or the peptide from the resin. The identity and purity of the biotinylated poptide is confirmed by quantitative amino acid 
analysis and fast atom bombardment (FAB) mass spectrometry 

An aliquot of biotinylated KTSCVIM (0.4 mg) is dissolved in 0.6 ml of 10 mM sodium acetate (pH 3) buffer containing 
1 mM DTT and 50% ethanol to give a final concentration of 0.67 mg/ml or 601 uM This solution can be stored at 4°C 
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for at least 1 month. Immediately prior to use, the peptide solution is diluted with 1 mM DTT to achieve a peptide 
concentration of 18 u.M. The standard reaction mixture contains the following components in a final volume of 25 jil: 
50 mM Tris-chloride (pH 7 5), 50 u.M ZnCI 2 , 20 mM KCI, 1 mM DTT, 0.2% (v/v) octyl-[5-glucopryranoside, 10-15 pmol 
of [ 3 H]FPP (15-50,000 dpm/pmol), 3.6 u,M biotinylated KTSCVIM, and 2-4 units of enzyme. After incubation at 37°C 

s for 30-60 min in 0 5-ml siliconized microfuge tubes, the reaction is stopped by addition of 200 uJ of 20 mM Tris-chloride 
(phi 7.5) buffer containing 2 mg/ml bovine serum albumin, 2% SDS, and 150 mM NaCI. A 25-u.l aliquot of well mixed 
streptavidinagarose (Bethesda Research Laboratories, Cat. No. 5942SA) is then added, and the mixture is gently 
shaken for 30 min at room temperature to allow maximal binding of the [ 3 H]farnesylated peptide to the beads. 

The beads are then collected by spinning the mixture for 1 min in a microfuge (12,500 rpm) The supernatant is 

10 removed, and the beads are washed three times with 0.5 ml of 20 mM Tris-chloride (pH 7.5) buffer containing 2 mg/ 
ml bovine serum albumin, 4% SDS, and 150 mM NaCI. The pellet is resuspended in 50 |il of the same buffer and 
transferred to a scintillation vial using a 200-uJ pipettor in which the tip end has been cut off at an angle. The beads 
remaining in the tube are collected by rinsing the tube with 25 u.1 of the above buffer and adding it plus the pipettor to 
the vial. A blank value, which consists of the radioactivity adhering to the beads in parallel incubations containing no 

75 enzyme, should be less than 0.5% of the input [ 3 H]FPP. 

2. Results 

To screen peptides for their affinity tor the farnesyl:protein transferase, studies were conducted wherein the ability 

20 of the peptides to compete with p21 H " ras for acceptance of [ 3 H]farnesyl from [ 3 H]FPP as catalyzed by a partially purified 
rat brain farnesyl:protein transferase was tested. As a reference point for the peptides, the tetrapeptide CVIM corre- 
sponding to the COOH-terminal sequence of p21 K-rasB was employed. Figure 10 shows a series of typical experiments 
in which alanine (Panel A ), lysine (Panel B ), or leucine (Panel C ) was systematically substituted at each of the three 
positions following cysteine in CVIM In each experiment the results were compared with those obtained with CVIM 

25 Alanine and lysine were tolerated only at the A1 position. Insertion of these amino acids at the A2 or X positions 
decreased the affinity for the enzyme by more than 30-fold as estimated by the concentration required for 50% inhibition. 
Leucine was tolerated at the A2 position, but it decreased the affinity when inserted at the X position. 

The substitution of phenylalanine for isoleucine at the A2 position increased the affinity for the enzyme by 6-fold, 
with half-maximal inhibition occurring at 25 nM (Fig. 11 ). No such effect was observed when phenylalanine was inserted 

^0 at either of the other two positions. 

In addition to performing assays with p21 H " rdS as a substrate, assays were also performed in which the substrate 
was a biotinylated heptapeptide, KTSCVIM, which contains the CCxOH-terminal four amino acids of p21 H ' ra5B (2). The 
biotin was attached to the NH 2 -terminus by coupling to the resin-attached peptide. The [ 3 H]farnesylated product was 
isolated by allowing it to bind to beads coated with streptavidm as described in section c above 

35 Figure 12 shows that the peptide CVFM was more potent than CVIM when either p21 Hras or the biotinylated 

heptapeptide was used as acceptor rPanels A and B , respectively). In contrast to the other studies, which were con- 
ducted with a partially purified enzyme, the studies of Fig. 12 were carried out with a homogeneous preparation of 
affinity-purified farnesyl:protein transferase. 

The free sulfhydryl group for the cysteine is likely required for tetrapeptide inhibition, as indicted by the finding that 

to derivitization with iodoacetamide abolished inhibitory activity (Fig. 13A) A blocked Nh^-terminus is not required, as 
indicated by similar inhibitory activity of N-acetyl CVIM and Noctyl CVIM (Fig 13B ) as compared to that of CVIM (Fig 
13 A ). ^ 

Figure 14 summarizes the results of all competition assays in which substitutions in the CVIM sequence were 
made. The results are presented in terms of the peptide concentration required for 50% inhibition. Table III summarizes 

4 5 the results of other experiments in which tetrapeptides corresponding to the COOH-termini of 1 9 proteins were studied, 
many of which are known to be famesylated. The implications of these studies are discussed below in Section 3. 



so 
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TABLE III 

Inhibition of Rat Farnesyl: protein Transferase by 
COOH-Terminal Tetrapeptides Corresponding 
to Known Proteins 



Concentration 



Protein 



Species 



COOH-Terminal 
for 50% 

TetrflPeptide inhibition 



• p2 lK-rasB 

# p21 K ~ r " A 
p21 N-r« 

*Lamin B 
Lamin A 



Retinal cGMP 
phosphodies- 
terase, a-subunit 



Human , mouse 
Human 
Human 
Mouse 

Human, Xenopus 
Human, Xenopus 
Bovine 



rasl 
*ras2 

*Y-Subunit of 

transducin 

p21 K-raj 

p2l H-r« 

*a-Mating 
factor 

rap2b 

Dras 

rapla/krevl 



s, cerevisiae 
S. cerevisiae 
Bovine 

Chicken 
Human, rat 
S . cerevisiae 

Human 

Dictosteiium 
Human 



"Mating factor R. Toruloide 

y-Subunit of Bovine 
G protein 

HMG CoA S. cerevisiae 

reductase- l 



CVIM 
CUM 
CWM 
CVLM 
laevis CAIM 
laevis CSIM 
CCVQ 

cue 

CIIS 
CVIS 

CVIS 
CVLS 
CVIA 

CVIL 
CLIL 
CLLL 
CTVA 
CAIL 

CIKS 



MM 

0,15 
0.15 
0.15 
0.15 
0.15 
0.20 
0.35 

0.35 
0.35 
1.0 

1.0 
3.0 
5.0 

11 
17 
22 
30 
100 

>100 



Enzyme activity was measured in the presence of the 
indicated tetrapeptide as described in the legend to 
Figure 10 . Each tetrapeptide was tested at seven 
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different concentrations ranging from 0.03 to 100 /iM. 
The concentration giving 50% inhibition was calculated 
from the inhibition curve. 

5 

* Shown to be farnesylated in vivo. 

3. Discussion 

10 

Tho current data extend the observations on the p21 ras famesylprotein transferase set forth in Example I, and 
further indicate that the recognition site for this enzyme is restricted to four amino acids of the Cys-Al-A2-X type. As 
a reference sequence for these studies, the peptide CVIM was used. This peptide inhibited the farnesyhprotein trans- 
ferase by 50% at a concentration of 0.1 5 jaM. Substitution of various amino acids into this framework yielded peptides 

is that gave 50% inhibitions at a spectrum of concentrations ranging from 0.025 u.M (CVFM) to greater than 50 (Fig. 14 ). 

In general, the highest inhibitory activities were achieved when the A1 and A2 positions were occupied with non- 
polar aliphatic or aromatic amino acids. This stringency was more severe at the A2 than at the A1 position. Thus, 
peptides containing fysine or glutamic acid at the A1 position gave 50% inhibition at 0.7 and 1 .5 uM, respectively. When 
these two residues were inserted at the A2 position, the affinity for the enzyme declined by more than 50-fold. Glycine 

20 and proline lowered inhibitory activity moderately at the Al position (50% inhibition at 4 and 8 nM) and somewhat more 
severely at the A2 position (8 and 20 uJvl). 

The X position showed the highest stringency. In the context of CVIx, methionine was the preferred residue but 
phenylalanine and serine were tolerated with only modest losses in activity (0.5 and 1 u.M, respectively). Aliphatic 
resides and proline were disruptive at this position, with 50% inhibitions in tho range of 5-11 uM Glutamic acid, lysine, 

2B and glycine were not tolerated at all; 50% inhibition required concentrations above 40 uM 

A study of tetrapeptides corresponding to the COOH-termini of known proteins (Table III) gave results that were 
generally in keeping with those obtained with the substituted CVIM peptides. They provided the additional information 
that glutamme and cysteine are well tolerated at the X position (CCVQ and CIIC). All of the proteins that are known to 
be farnesylated in intact cells (indicated by the asterisks in Table III) followed the rules outlined above, and all inhibited 

30 farnesylation at relatively low concentrations (5 u,M or below) with the exception of the CTVA sequence, which is found 
in the mating factor of R toruloides (19) This peptide inhibited the rat brain famesyl protein transferase by 50% only 
at the high concentrations of 30 uM It is likely that the fa rnesyl protein transferase in this fungal species has a different 
specificity than that ot the rat brain. 

The peptide CAIL, which corresponds to the COOH-terminus of the y-subunit of bovine brain G proteins (20,21), 

35 did not compete efficiently with p2l H * r ** for farnesylation (Table 1 1 1 ). A 50% inhibition at the high est concentration tested 
(100 uJvl) was observed. The inhibitory activity was lower than that of CVIL (12 uJvl) or CAIM (0.15 u.M). Thus, the 
combination of alanine at the Al position and leucine at the X position is more detrimental than either single substitution 
This finding is particularly relevant since the gamma subunit of G proteins from human brain (22) and rat PC12 cells 
(23) have been shown to contain a geranylgeranyl rather than a famesyl. These findings suggest the existence of a 

to separate geranylgeranyl transferase that favors CAIL and perhaps other related sequences. 

The studies with the biotinyated heptapeptide (Fig. 12B ) confirm that at least some of the short peptides act as 
substrates for the enzyme. The saturation curves relating reaction velocity to the concentration of either p21 H - ra5 or 
the biotinylated heptapeptide are complex and sigmoidal. The inhibition curves with the various peptides differ from 
classic competitive inhibition curves. Finally, as mentioned in Example I, the maximal velocity of the purified enzyme 

45 is relatively low. These findings suggest that the binding of the peptides to the enzyme is not a simple equilibrium 
reaction. Rather, there may be a slow binding that requires conformational change. 

The observation that the Al position shows a relaxed amino acid specificity suggests that the residue at this position 
may not contact the farnesyl transferase directly. Rather, the contacts may involve only the cysteine and the residues 
at the A2 and X positions. A working model for the active site of the farnesyl:protein transferase places the peptide 

so substrate in an extended conformation with a largely hydrophobic pocket of the enzyme interacting with the X group 
of the CAAX-containing substrate. 

EXAMPLE III 

ss RECOMBINANT CLONING OF THE FARNESYL: PROTEIN TRANSFERASE SUBUNIT GENES 

This example demonstrates an approach which the inventors propose may be employed for the recombinant clon- 
ing of one or both of the famesylprotein transferase subunits. As will be appreciated by those of skill in the art from 
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the following description, the preferred approach recommended by the inventors involves the application of the peptide 
sequence information set forth above to prepare specific primers for PCR-based sequencing, which sequences are 
then used for the construction of probes for screening. The specific primers proposed for use are set forth below, with 
reference to Figures 16 and 17. 

A. General Methods 

The inventors propose that general molecular biology techniques may be employed in connection with the cloning 
reactions described below (24) Where desired. cDNA clones may be subcloned into M13 and pUC vectors and se- 
quenced by the dideoxy chain termination method (25) using the M13 universal sequencing primer or gene specific 
internal primers. Sequencing reactions are preferably performed using a modified bacteriophage T7 DNA polymerase 
(26) with 35 S-labeled nucleotides, or Taq polymerase with fluorescently labeled nucleotides on an Applied Biosystems 
Model 370A DNA Sequencer 

For the isolation of total RNA from rat tissues, the inventors prefer to employ the guanidinium thiocyanate/CsCI 
centrif ugation procedure (27). Forthe isolation of RNAf rom cell lines, the guanidinium HCI method is generally preferred 
(28). The isolation of poly A + RNA by oligo(dT)-cellulose chromatography is preferably by the procedure of Aviv and 
Leder (29). Northern blot hybridization using single-stranded 32P-labeled probes is generally carried out as described 
by Lehrman et al. (30). 

B. cDNA Libraries 

For the construction of a cDNA libraries, the inventors propose to employ poly A + RNA from rat brain, PC12 and/ 
or KNRK cells. These cells are preferred in that they are believed to be rich in farnesyl protein transferase mRNA. 
Although numerous convenient methods are known for the construction of cDNA libraries, the inventors believe that 
the use of a cDNA synthesis kit, e.g., from Invitrogen, is the most convenient. The cDNA itself is preferably prepared 
using both oligo(dT)- and random hexamer-primed cDNA, and then ligated to adapters, e.g., EcoR1/Not1 adapters 
Next, it will generally be desirable to isolate cDNAs greater than 1 kb in size, e.g., by fractionation on a 1% agarose 
gel. prior to ligation to EcoR1 -cleaved A.gt10 DNA (Stratagene), in order to complete the construction of the cDNA- 
containing vectors for library preparation 

After in vitro packaging of the recombinant lambda phage with a DNA packaging extract (Stratagene), phage may 
be plated out on host strain Escherichia coli C600 hfl- cells Typically, it will be desirable to screen approximately 1 x 
1 0 6 plaques from the random hexamerprimer rat brain library. To carry out the screening, duplicate filters are hybridized 
in 6 x SSC at 37°C with about 1 x 10 6 cpm/ml of the appropriate 32 P-labeled oligonucleotide probe The polymerase 
chain reaction may be used to obtain an unambiguous probe for screening of the cDNA library, as well as to characterize 
positive X clones, as discussed below. 

The filters are washed in 6 x SSC (1 x SSC = 150mM NaCI, 15mM sodium citrate, pH7) and 0.2% SDS at room 
temperature DNA from colonies which remain positive after a second round of screening are purified and subcloned 
into a vector that is suitable for sequencing and restriction mapping, such as a bacteriophage M1 3 and/or pBluescript 
vector. 

C. Polymerase Chain Reaction 
1. aSubunit 

To derive a sequence for constructing an appropriate probe, rat genomic DNA may be used as a template for PCR 
as described by Saiki et al. (31) and Lee et al. (32). The approach is to sequence a portion of the a subunit gene 
through the use of appropriate PCR primers (based on a consideration of the peptide sequences shown in Table I). 
The inventors propose to use primers that are synthesized based on the NH 2 - and COOH-terminal sequences of 
peptide 2 (see Table I above), and which include the degenerate inosine base (see Figure 16) PCR primers are end- 
labeled with [y- 32 P]ATP. The resultant amplified DNA fragment is then eluted and sequenced, e.g., by the Maxam- 
Gilbert technique (33). Translation of the nucleotide sequence between two primers should give the expected amino 
acid sequence of peptide 2. From this information, one may then synthesize an oligonucleotide probe that will hybridize 
with the region corresponding to the peptide 2 coding region, for direct screening of the library. 

To characterize hybridizing Xgt10 clones, plaques are eluted in 0.2ml SM buffer (100mM NaCI, 3mM MgS04, 
50mM Tris-HCI pH7.5, and 0 01% (w/v) gelatin). A primer corresponding to the right arm or left arm of Xgt1 0 sequences 
flanking the unique EcoR1 site may be used in combination with a primer derived from the cDNA sequence in order 
to conduct a PCR amplification reaction, which may be carried out by the procedure of Saiki et al. (31 ). PCR products 
may then be analyzed on an agarose gel and the clone containing the longest insert selected and purified for further 
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characterization 
2. p Subunit 

5 As with the a subunit cloning, the polymerase chain reaction is used to obtain an unambiguous sequence tor the 

peptide and to characterize positive X clones To derive an unambiguous sequences for the peptide, rat genomic DNA 
is again used as a template for PCR. In this case, though, primers are synthesized based on the NH2- and COOH- 
terminal sequences of peptide 7 from Table I, and include the degenerate base inosine (see Fig. 17). As above, one 
of the PCR primers is end-labeled with [y- 32 P]ATP. The resultant amplified DNA fragment is then eluted from acrylamide 

10 gel and sequenced. Translation of the nucleotide sequence between two primers should give the expected amino acid 
sequence derived from peptide. From this information, one will desire to synthesize an oligonucleotide primer for use 
as a hybridization probe 

D. 5* and 3' End Amplification 

15 

It one obtains a clone that is less than full length, it will, of course, be important to obtain a clone which comprises 
the missing sequences. This can be done through the preparation of either a 5' or 3' extended clone, depending on 
what is needed To obtain an extended clone, the general procedures of Frohman ct al. (34) arc preferably followod 
that involve a combination of reverse transcription, tailing with terminal d e oxyt ran sf erase and, finally, PCR. 

20 

1. 5'-End Amplification of cDNA End 

Where the cbne is deficient in its 5'-end : one will typically desire to carry out an 5'-end amplification, which may 
be carried out generally as described by Frohman et al. (34). In general, first strand cDNA is generated by reverse 

25 transcription of polyA + RNA from, e.g., either KNRK, rat brain or PC1 2 cells, pretreated with methyl mercury and primed 
with a 5*-end primer derived from the longest cDNA then available. Thus, in the case of the a subunit, one may desire 
to employ specific primer 1 (TGCAGTGATGTAGTTCAT), which is complementary to amino acids located towards the 
amino terminal of the alpha subunit. 

Excess primer is removed by, e.g., application to a Amicon Centricon 100 spin filter and the first strand cDNA tailed 

30 with dATP using terminal deoxynucleotide-transferase (BRL). The reaction mixture is typically diluted to 500 uJ in TE 
and 1 - to 1 0-ul aliquots are used for amplification with about 1 0 pmol of a (dT)1 7-adaptor oligonucleotide which serves 
to prime off of the dA tail added at the 5' end of the cDNA, and about 25 pmol of a second specific primer which serves 
to narrow the amplification to cDNAs derived from the farnesyl:protein transferase mRNA, in 50 uJ of PCR cocktail. In 
the case of the a subunit, the inventors propose to use the (dT)1 7-adaptor primer, GACTCGAGTCGACATCGA(T)1 7, 

3S adaptor primer (GACTCGAGTCGACATCAG) and specific primer 2 (AGCG ACCTCAAGAGAACT) as the second spe- 
cific primer. 

The mixture is denatured (5 min, 95°C), annealed at 52-58°C, Taq DNA polymerase added, and extended at 72°C 
for 40 min. Using a DNA thermal cycler (Perkin-Elmer-Cetus), it is preferable to carry out at least 40 cycles of ampli- 
fication (94'C, 40 sec; 52-58°C, 2 min; 72°C, 3 min) followed by a 15 min final extension at 72°C. Amplified PCR 
^o products may be analyzed by Southern gel analysis. The hybridizing DNA fragments are isolated and used as templates 
for a second PCR amplification as described above, except for the substitution of about 25 pmol of an additional specific 
primer 3 (such as ATGCCACACCGTATAGTT in the case of subunit a), which further limits the amplification to templates 
corresponding to the famesyl:protein transferase cDNA. The reamplified DNA may be reprobed by Southern analysis, 
isolated, treated with T4 polynucleotide kinase, and cleaved with Pstl for subcloning to M13 and sequencing. 

45 

2. 3'-End Amplification of cDNAs 

Where resultant clones are found to be deficient in their 3' sequence, one will desire to carry out 3'-end amplification, 

such as described by Frohman et al. (34). For reverse transcription, KNRK cell poly(A)+ RNA may be used as a template 
so and primed with a (dT)1 7-adaptor. In a 20 u.l reaction mixture, 1|jg poly(A)+ RNA, 0.5|jg (dT)1 7-adaptor and 100 units 

reverse transcriptase (BRL) are incubated at 37°C for 1 hr. Reverse transcribed cDNA is diluted 50 fold with TE (1 OmM 

Tris-HCI, pH8.0 and 1mM EDTA) for PCR amplification 

As an example, in the case of, e g , the p subunit, 1 0 uJ of diluted cDNA and 25 pmole each of adaptor primer and 

17-base primer 1 (Fig. 17) are boiled, after which PCR is carried out 40 cycles of amplification (94°C, 40 sec; 58°C, 2 
55 min; 72°C, 3 min) with Taql polymerase. A second round of PCR is carried out as described above, except that specific 

primer 2 (Fig 17) and the adapter primer are employed Amplified PCR products are analyzed on an agarose gel. 

transferred to a nylon membrane and probed with 32 P-labeled primer 2 (Fig. 17). The hybridizing DNA fragment is 

eluted, extracted with phenol/chloroform, and used as a template for a second-round PCR amplification This amplifi- 
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cation is carried out in same cycles as described above, except that 25 pmole each of adaptor and primer 2 is preferably 
substituted for primers. This reamplified DNA is then purified, cleaved with Rsal or Taql and subcloned into, e.g., M13 
vectors for sequencing 

While the compositions and methods of this invention have been described in terms of preferred embodiments, it 
s will be apparent to those of skill in the art that variations may be applied to the composition, methods and in the steps 
or in the sequence of steps of the method described herein without departing from the concept, spirit and scope of the 
invention. More specifically, it will be apparent that certain agents which are both chemically and physiologically related 
may be substituted tor the agents described herein while the same or similar results would be achieved. All such similar 
substitutes and modifications apparent to those skilled in the art are deemed to be within the spirit, scope and concept 
to of the invention as defined by the appended claims. 
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Claims 

40 

1. A composition comprising a purified mammalian farnesyl:protein transferase enzyme, characterized as follows: 

(a) capable of catalyzing the transfer of farnesol to a protein or peptide having a farnesyl acceptor moiety; 
45 (b) capable ol binding to an affinity chromatography medium comprised of TKCVIM coupled to a suitable matrix, 

(c) exhibiting a molecular weight of between 70.000 Da and 100,000 Da upon gel filtration chromatography, 
and comprised of two different subunits, each exhibiting a molecular weight of approximately 45,000 Da to 
50,000 Da upon SDS-PAGE; and 

50 

(d) having a farnesyl transferase activity that is capable of being inhibited by TKC VI M; CVIM; or KKSKTKCVIM 

2. The composition of claim 1 , further defined as exhibiting a farnesyl transferase specific activity of between 5 and 
600,000 units/mg protein, preferably between 500 and 600,000 units/mg protein. 

55 

3. The composition of claim 1 , wherein said farnesyl transferase enzyme is obtainable by a process which includes 
the steps of: 
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(a) preparing a cellular extract which includes the enzyme; 

(b) subjecting the extract to affinity chromatography on an affinity chromatography medium to bind the enzyme 
thereto, the medium comprised of a farnesyl transferase binding peptide comprising a peptide of at least 4 
amino acids in length and including a carboxy terminal sequence of -C-A-A-X, wherein 

C - cysteine; 

A = an aliphatic or hydroxy amino acid; and 
X = any ammo acid, 
coupled to a suitable matrix; 

(c) washing the medium to remove impurities; and 

(d) eluting the enzyme from the washed medium. 

4. The composition of claim 1, wherein the farnesyl transferase enzyme is prepared by recombinant means. 

5. A method of preparing a farnesyl transferase enzyme, comprising the steps of 

(a) preparing a cellular extract which includes the enzyme; 

(b) subjecting the extract to affinity chromatography on an affinity chromatography medium to bind the enzyme 
thereto, the medium comprised of a farnesyl transferase binding peptide comprising a peptide of at least 4 
amino acids in length and including a carboxy terminal sequence of -C-A-A-X, wherein 

C - cysteine; 

A = an aliphatic or hydroxy amino acid; and 
X = any amino acid, 
coupled to a suitable matrix; 

(c) washing the medium to remove impurities; and 

(d) eluting the enzyme from the washed medium. 

6. The composition of claim 3 or the method of claim 5 t wherein the farnesyl transferase binding peptide includes a 
carboxy terminal sequence of -C-V-l-M, -C-S-l-M or -C-A-l-M, preferably T-K-C-V-l-M. 

7. The method of claim 5, wherein the farnesyl transferase binding peptide is biotinylated. 

8. A method for assaying for the presence of farnesyl transferase activity in a composition as defined in any of claims 
1 to 3 comprising determining the ability of said composition to catalyze the transfer of farnesol to a farnesyl 
acceptor protein or peptide. 

9. The method of claim 6, wherein said farnesol is transferred from farnesyl pyrophosphate. 

10. The mothod of claim 9, wherein said farnesyl pyrophosphate contains a label on the farnesyl moiety. 

11 . The method of claim 8, wherein said farnesyl acceptor protein or peptide comprises a carboxy terminal sequence 
of -C-A-A-X, wherein 

C = cysteine; 
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A = an aliphatic or hydroxy amino acid; and 
X = any amino acid 

12. The method of claim 11, wherein said farnesyl acceptor protein or peptide comprises a p2) ras protein. 

13. The method of claim 1 1 , wherein said farnesyl acceptor protein or peptide comprises a peptide of at least 4 amino 
acids in length, preferably CVIM; KKSKTKCVIM; TKCVIM; RASNRSCAIM; TQSPQNCSIM; CIM; CWM; or CVLS. 

14. A farnesyl transferase inhibitor comprising a peptide, or protein other than a p21 ra * protein, lamin a, lamin b, or 
yeast mating factor a, said peptide or protein having a farnesyl acceptor or inhibitor sequence within its structure 
and capable of inhibiting the tarnesylation of p21 ras by farnesyl transferase, wherein the farnesyl acceptor or in- 
hibitor sequence is further defined as a farnesyl acceptor amino acid sequence which includes the amino acids 
CAAX, wherein 

C = cysteine; 

A = any aliphatic, aromatic or hydroxy amino acid; and 
X = any amino acid. 

15. The inhibitor of claim 14, wherein the farnesyl acceptor or inhibitor amino acid sequence is positioned at the carboxy 
terminus of the protein or peptide. 

16. The inhibitor of claim 15, further defined as peptide of from 4 to 10 amino acids in length, preferably defined as a 
tetrapeptide. 

17. The inhibitor of claim 16 : further defined as a peptide incorporating one of the following peptide sequences at its 
carboxy terminus: CVIM; KKSKTKCVIM; TKCVIM; RASNRSCAIM; TQSPQNCSIM; CUM; CWM; CVLS; CVLM, 
CAIM; CSIM; CCVQ; CMC; CHS; CVIS; CVLS; CVIA; CVIL; CLIL; CLLL; CTVA; CVAM; CKIM; CLIM; CVLM; CFIM; 
CVFM; CVIF; CEIM; CGIM; CPIM; CVYM; CVTM; CVPM; CVSM; CVIF; CVIV; CVIP; or CVII 

18. The inhibitor of claim 17, further defined as a peptide having a sequence which comprises one of the specified 
peptide sequences. 

19. The inhibitor of claim 16, wherein the peptide is modified by biotinylation, esterification, acylation, or alkylation. 

20. The inhibitor of claim 15, further defined as a pure inhibitor. 

21 . The inhibitor of claim 20, further defined as a peptide comprising the strucutre -C-A1 -A2-X, wherein 
C = cysteine, 

A1 ~ any aliphatic, aromatic or hydroxy ammo acid; 

A2 = any aromatic amino acid or amino acid modified to incorporate one or more aromatic moieties; and 
X = any amino acid. 

22. The inhibitor of claim 21 , wherein the aromatic moiety of the A2 ammo acid is modified to include a fluoro, chloro. 
or nitro group. 

23. The inhibitor ot claim 21 or 22, wherein the A2 amino acid comprises parachlorophenylalanine, or a naphthyl ring, 
or phenylalanine, tyrosine or tryptophan. 

24. A method for determining the ability of a candidate substance to inhibit a farnesyl transferase enzyme, comprising 
the steps of: 
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(a) obtaining the enzyme composition of claim 1 being capable of transferring a farnesyl moiety to a farnesyl 
acceptor substance, 

(b) admixing a candidate substance with the enzyme composition; and 

(c) determining the ability ot the farnesyl transferase enzyme to transfer a farnesyl moiety to a farnesyl acceptor 
substrate in the presence of the candidate substance. 

25. The method of claim 24, wherein the farnesyl acceptor substrate comprises a p21 ra5 , or any peptide containing a 
cysteine at the fourth position from the carboxyl terminus. 

26. The method of claim 24, wherein step (c) comprises determining the ability of the candidate substance to inhibit 
the transfer of farnesyl from farnesyl pyrophosphate to the acceptor substrate. 

27. The method of claim 24, wherein the farnesyl moiety is labeled, preferably radiolabeled. 

28. A method of inhibiting a farnesyl transferase enzyme comprising subjecting the enzyme to an effective concen- 
tration ot a farnosyl transferase inhibitor in accordance with Claim 14, or a candidate substance identified in ac- 
cordance with the method ot claim 24 to be such an inhibitor. 

29. A method of inhibiting the attachment of a farnesyl moioty to a ras protein in malignant cells comprising subjecting 
said cells to an effective concentration of a farnesyl tranferase inhibitor in accordance with claim 14, or a candidate 
substance identified in accordance with the method of claim 24 to be such an inhibitor. 

30. A DNA segment encoding the a subunit of farnesyl:protein transferase, obtainable by a process including: 

(a) preparing a recombinant clono bank composed of individual colonies leaving recombinant DNA fragments, 

(b) screening the recombinant clone bank with an oligonucleotide probe as identified in Figure 16; 

(c) hybridizing said probe with said colonies under conditions that will allow the probe to hybridize to colonies 
bearing an a subunit gene; and 

(d) obtaining the a-encoding DNA segment from a colony so identified. 

31. A DNA segment encoding the p subunit of farnesyl:protein transferase, obtainable by a process including: 

(a) preparing a recombinant clone bank composed of individual colonies leaving recombinant DNA fragments; 

(b) screening the recombinant clone bank with an oligonucleotide probe as identified in Figure 17; 

(c) hybridizing said probe with said colonies under conditions that will allow the probe to hybridize to colonies 
bearing a p subunit gene: and 

(d) obtaining the (5-encodmg DNA segment from a colony so identified. 

32. A recombinant vector comprising the DNA segment of claim 30 or the DNA segment of claim 31. 



Patentanspruche 

1. Zusammensctzung, die ein gereinigtes Sauger-Farnesyl:Protoin-Transferase-Enzym umfaBt, das dadurch ge- 
kennzeichnet ist, da(3 es 

(a) zur Katalyse der Ubertragung von Farnesol auf cin Protein odor Pcptid mit einer Farnesyl-Akzeptor-Gruppe 
imstande ist; 

(b) zur Bindung an ein Affinitatschromatographiemedium, das aus TKCVIM, gekuppelt an eine geeignete Ma- 
trix, besteht, imstande ist; 



25 



EP 0 528 820 B1 



(c) ein Molekulargewicht zwischen 70 000 Da und 100 000 Da gemaG Gelfiltrationschromatographie besitzt 
und aus zwei verschiedenen UntereinhQiten besteht, die jeweils gin Molekulargewicht von ungefahr 45 000 
Da bis 50 000 Da gemaB SDS-PAGE besitzen; und 

(d) Farnesyl-Transferase-Aktivitat, die durch TKCVIM; CVIM; oder KKSKTKCVIM inhibiert werden kann, auf- 
weist. 

2. Zusammensetzung nach Anspruch 1 , die ferner dadurch defmiert ist, daG sie eme spezifische Farnesyl-Transfer- 
ase-Aktivitat zwischen 5 und 600 000 Einheiten/mg Protein und vorzugsweise zwischen 500 und 600 000 Einhei- 
ten/mg Protein aufweist. 

3. Zusammensetzung nach Anspruch 1, wobei das Farnesyl-Transferase-Enzym nach einem Verfahren erhaltlich 
ist, das folgende Stufen umfaBt: 

(a) Herstellung eines zellularen Extrakts, der das Enzym umfaGl, 

(b) Unterwerten des Extrakts einer Affinitatschromatographie an einem Affinitatschromatographiemedium zur 
Bindung des Enzyms an das Medium, wobei das Medium aus einem Farnesyl-Transferase-Bindungspeptid, 
das ein Peptid mit einer Lange von mindestens 4 Aminosauren umfaGt und eine Carboxy-terminale Sequenz 
-C-A-A-X enthaft, woboi 

C = Cystein; 

A = einc aliphatische odcr Hydroxyaminosaurc; und 
X = eme beliebige Aminosaure, 

gekuppelt an cine geeignete Matrix, bosteht; 

(c) Waschen des Mediums zur Entlernung von Verunreinigungen; und 

(d) Elution des Enzyms von dem gewaschenen Medium. 

4. Zusammensetzung nach Anspruch 1, wobei das Farnesyl-Transferase-Enzym durch rekombinante Mittel herge- 
stellt worden ist. 

5. Verlahren zur Herstellung eines Famesyl-Transferase-Enzym, das folgende Stufen umlaGt: 

(a) Herstellung eines zellularen Extrakts, der das Enzym umfaGt; 

(b) Unterwerten des Extrakts einer Affinitatschromatographie an einem Affinitatschromatographiemedium zur 
Bindung des Enzyms an das Medium, wobei das Medium aus einem Farnesyl-Transferase-Bindungspeptid, 
das ein Peptid mit einer Lange von mindestens 4 Aminosauren umfaGt und eine Carboxy-terminale Sequenz 
-C-A-A-X enthart, wobei 

C ~ Cystein, 

A = eine aliphatische oder Hydroxyaminosaure; und 
X = eme beliebige Aminosaure, 

gekuppelt an eine geeignete Matrix, besteht; 

(c) Waschen des Mediums zur Entfernung von Verunreinigungen; und 

(d) Elution des Enzyms von dem gewaschenen Medium. 

6. Zusammensetzung nach Anspruch 3 oder Verfahren nach Anspruch 5, wobei das Famesyl-Transferase-Bindungs- 
peptid eine Carboxy-terminale Sequenz -C-V-l-M, -C-S-l -M oder -C-A-l-M und vorzugsweise T-K-C-V-l-M aufweist 

7. Verlahren nach Anspruch 5, wobei das Farnesyl-Transferase-Bindungspeptid biotmyliert ist. 

8. Verfahren zum Nachweis des Vorhandenscins von Farnesyl-Transferase-Aktivitat in einer Zusammensetzung ge- 
maG der Definition nach einem der Anspruche 1 bis 3, das den Nachweis der Fahigkeit der Zusammensetzung 
zur Katalyse der Ubertragung von Farnesol auf ein Farnesyl-Akzeptor-Protein oder -Peptid umfaGt. 

9. Verlahren nach Anspruch 8, wobei das Farnesol von Farnesylpyrophosphat ubertragen wird. 

10. Verlahren nach Anspruch 9, wobei das Farnesylpyrophosphat eine Markierung an der Farnesylgruppe enthalt. 
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11. Verfahren nach Anspruch 8, wobei das Farnesyl-Akzeptor-Protein oder -Peptid eine Carboxy-terminale Sequenz 
-C-A-A-X umfaGt, wobei 

C= Cystein; 

s A = eine aliphatische oder Hydroxyaminosaure, und 

X = eine beliebige Aminosaure 

12. Verfahren nach Anspruch 11, wobei das Farnesyl-Akzeptor-Protein oder -Peptid ein p21 ras - Protein umfaGt. 

10 13. Verfahren nach Anspruch 11. wobei das Farnesyl-Akzeptor-Protein oder -Peptid ein Peptid mit einer Lange von 
mindestens 4 Aminosauren umfaGt, und /war vorzugsweise CVIM; KKSKTKCVIM; TKCVIM, RASNRSCAIM. 
TQSPQNCSIM; CUM; CVVM, oder CVLS. 

14. Farnesyl-Transferase-lnhibitor, der ein Peptid oder ein Protein, das von p21 ra5 -Protein, Lamin a, Lamin b oder 
Hefereifungsfaktor a verschieden ist, umfaGt, wobei das Peptid oder Protein eine Farnesyl-Akzeptor- oder -Inhi- 
bitor-Sequenz innerhalb seiner Struktur aufweist und zur Inhibition der Farnesylierung von p21 ras durch Farnesyl- 
Transferase imstande ist, wobei die Farnesyl-Akzeptor- oder -Inhibitor-Sequenz ferner als eine Farnesyl-Akzeptor- 
Aminosauresoquenz definiert ist. die die Aminosauren CAAX umfaGt, wobei 

20 o- Cystein, 

A = eine bcliobige aliphatischo, aromatischc oder Hydroxyaminosaure; und 
X - eine beliebige Aminosaure. 

15. Inhibitor nach Anspruch 14, wobei die Farnosyl-Akzcptor- odor -Inhibitor-Ammosaurcsequonz am Carboxytermi- 
25 nus des Proteins oder Peptids angeordnet ist. 

16. Inhibitor nach Anspruch 15, ferner definiert als ein Peptid mit einer Lange von 4 bis 10 Aminosauren und vorzugs- 
weise definiert als ein Tetrapeptid 

30 17. Inhibitor nach Anspruch 16, ferner definiert als ein Peptid, das eine der nachstehenden Peptidsequenzen an sei- 
nem Carboxyterminus enthalt: CVIM, KKSKTKCVIM; TKCVIM; RASNRSCAIM, TQSPQNCSIM; CUM; CVVM, 
CVLS; CVLM; CAIM; CSIM; CCVQ; CIIC; CIIS; CVIS; CVLS; CVIA; CVIL; CLIL; CLLL; CTVA; CVAM; CKIM; CLIM, 
CVLM, CFIM; CVFM; CVIF; CEIM; CGIM; CPIM; CVYM; CVTM; CVPM; CVSM; CVIF; CVIV; CVIP; oder CVII. 

05 18. Inhibitor nach Anspruch 17, ferner definiert als ein Peptid mit einer Sequenz, die eine der angegebenen Peptid- 
sequenzen umfafM. 

19. Inhibitor nach Anspruch 16, wobei das Peptid durch Biotinylierung, Veresterung, Acylierung oder Alkylierung mo- 
difiziert ist. 

40 

20. Inhibitor nach Anspruch 15, ferner definiert als ein reiner Inhibitor. 

21. Inhibitor nach Anspruch 20, ferner definiert als ein Peptid, das die Struktur -C-A1-A2-X umtaBt, wobei 

45 c = Cystein, 

A1 = eine beliebige aliphatische, aromatische oder Hydroxyaminosaure, 

A2 _ eine beliebige aromatische Aminosaure oder eine Aminosaure, die so moditiziert ist, daf3 sie eine oder 

mehrere aromatische Gruppen enthalt, und 
X = eine beliebige Aminosaure. 

50 

22. Inhibitor nach Anspruch 21, wobei die aromatische Gruppe der Aminosaure A2 so modifiziert ist, dafi sie Fluor, 
Chlor oder eine Nitrogruppo enthalt. 

23. Inhibitor nach Anspruch 21 oder 22, wobei die Aminosaure A2 Parachlorphenylalanin oder einen Naphthylring 
55 oder Phenylalanin, Tyrosin oder Tryptophan umfaGt. 

24. Verfahren zur Bestimmung der Fahigkeit einer ins Auge gefaBten Substanz zur Inhibition eines Farnesyl-Trans- 
ferase-Enzyms, das folgende Stufen umfaGt: 
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(a) Gewinnung der Enzymzusammensetzung nach Anspruch 1. die zur Ubertragung einer Farnesylgruppe 
auf eine Farnesyl-Akzeptorsubstanz imstande ist; 

(b) Mischen der ins Auge gefaBten Substanz mil der Enzymzusammensetzung; 

(c) Bestimmung der Fahigkeit des Famesyl-Transferase-Enzyms zur Ubertragung einer Farnesylgruppe auf 
5 ein Famesyl-AkzGptorsubstrat in Gegenwart der ins Auge gefaBten Substanz. 

25. Verfahren nach Anspruch 24, wobei das Farnesyl-Akzeptorsubstrat ein p21 ras oder ein beliebiges Peptid, das ein 
Cystein an der vierten Position vom Carboxyterminus enthalt, umtaRt. 

10 26. Verfahren nach Anspruch 24, wobei Stufe (c) die Bestimmung der Fahigkeit der ins Auge gefa3ten Substanz zur 
Inhibition der Ubertragung von Farnesyl von Farnesylpyrophosphal auf ein Akzeptorsubslrat umfafit. 

27. Vertahren nach Anspruch 24. wobei die Farnesylgruppe markiert und vorzugsweise radioaktiv markiert ist. 

75 28. Vertahren zur Inhibition eines Farnesyl-Transferase-Enzyms, das es umfaGt, das Enzym einer wirksamen Kon- 
zentration eines Farnesyl-Transferase-lnhibitors gemaB Anspruch 14 oder einer ins Auge gefaBten Substanz, die 
gemaR dem Verfahren von Anspruch 24 als ein derartiger Inhibitor identifiziert wurde, auszusetzen. 

29. Verfahren zur Inhibition der Anheftung einer Farnesylgruppe an em ras-Protein in malignen Zellen, das es umfaftt, 
20 die Zellen einer wirksamen Konzentration eines Farnesyl-Transferase-lnhibitors gemaG Anspruch 14 oder einer 

ins Auge gefaBten Substanz, die gemaB dcm Verfahren von Anspruch 24 als ein derartiger Inhibitor identifiziert 
wurde, auszusetzen. 

30. DNA-Segment, das fur dio a-Untercinhcit von Farncsyl:Protcin -Transferase codicrt und nach cinem Verfahren 
25 erhaltlich ist, das folgende Stufen umfaRt: 

(a) Hcrstellung einer rekombinanten Clonbank, die aus cinzelnen Kolonien bosteht, die rckombinante DNA- 
Fragmente ergeben; 

(b) Absuchen der rekombinanten Clonbank mit einer Oligonucleotidsonde, wie sie in Fig. 16 identifiziert ist; 
^0 (c) Hybridisieren der Sonde mit den Kolonien unter Bedingungen, die der Sonde eine Hybridisierung an Ko- 
lonien, die em a-Untereinheit-Gen tragen, erlauben; und 

(d) Gewinnung des a-codierenden DNA-Segments aus einer auf diese Weise identifiziert en Kolonie. 

31. DNA-Segment, das fur die p-Untereinheit von Farnesyl:Protein-Transferase codiert und nach einem Verfahren 
05 erhaltlich ist, das folgende Stufen umfaBt: 

(a) Herstellung einer rekombinanten Clonbank, die aus einzelnen Kolonien besteht, die rekombinante DNA- 
Fragmente ergeben; 

(b) Absuchen der rekombinanten Clonbank mit einer Oligonucleotidsonde, wie sie in Fig. 17 identifiziert ist, 
4 o (c) Hybridisierung der Sonde mit den Kolonien unter Bedingungen, die der Sonde eine Hybridisierung an 

Kolonien, die em (i-Untereinheit-Gen tragen, erlauben; und 

(d) Gewinnung des (J-codierenden DNA-Segments aus einer auf diese Weise identifizierten Kolonie. 

32. Rekombinanter Vektor, der das DNA-Segment nach Anspruch 30 oder das DNA-Segment nach Anspruch 31 urn- 
's faBt. 



Revendications 

1. Composition comportant une enzyme farnesyle:proteme transferase de mammiferes, caracterisee en ce que : 

(a) elle est capable de catalyser le transf ert du farnosol a une proteinc ou un peptide ayant une partic acccptant 
le farnesyle ; 

(b) elle est capable de se lier a un milieu de chromatographie d'affmite comportant du TKCVIM couple a une 
matricc adapt6e ; 

(c) elle presente un poids moleculaire compris entre 70 000 Da et 100 000 Da lors d'une chromatographie de 
filtration sur gel, et comporte deux sous-unites differentes, presentant chacune un poids moleculaire d'ap- 
proximativement 45 000 Da a 50 000 Da lors d'une PAGE-SDS ; et 
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(d) Glle possede une activite farnesyle transferase qui est capable d'etre inhibee par le TKCVIM ; le CVIM ou 
le KKSKTKCVIM 

2. Composition selon la revendication 1, definie en outre comme presentant une activite farnesyle transferase spe- 
cifique comprise entre 5 et 600 000 unites/mg de proteine, de preference comprise entre 500 et 600 000 unites/ 
mg de proteine 

3. Composition selon la revendication 1 , dans laquelle ladite enzyme farnesyle transferase peut etre obtenue par un 
processus qui comporte les etapes consistant a : 

(a) preparer un extrait cellulaire qui inclut I'enzyme ; 

(b) soumettre I'extrait a une chromatographie d'affinite sur un milieu de chromatographie d'affinite pour lier 
I'enzyme a celui-ci, le milieu constitue d'un peptide se liant a une farnesyle transferase comportant un peptide 
d'une longueur d'au moins 4 acides amines et incluant une sequence carboxyle terminale de type -C-A-A-X, 
dans lequel 

C= cysteine , 

A = un acido amin6 aliphatique ou hydroxylc ; ot 
X = un acide amine quelconque, 

couplce a une matrice adaptee ; 

(c) laver le milieu pour enlever les impuretes ; et 

(d) eluer I'enzyme a partir du milieu lave. 

4. Composition selon la revendication 1 , dans laquelle I'enzyme farnesyle transferase est preparee par des moyens 
recombinants. 

5. Procede de preparation d'une enzyme farnesyle transferase, comportant les Stapes consistant a : 

(a) preparer un extrait cellulaire qui inclut I'enzyme , 

(b) soumettre I'extrait a une chromatographie d'affinite sur un milieu de chromatographie d'affinite pour lier 
I'enzyme a celui-ci, le milieu constitue d'un peptide se liant a une farnesyle transferase comportant un peptide 
d'une longueur d'au moins 4 acides amines et incluant une sequence carboxyle terminale de type -C-A-A-X, 
dans lequel 

C= cysteine ; 

A = un acide amine aliphatique ou hydroxyle ; et 

X = un acide amine* quelconque, couplee a une matrice adaptee ; 

(c) laver le milieu pour enlever les impuretes ; et 

(d) eluer I'enzyme a partir du milieu lave. 

6. Composition selon la revendication 3 ou procede selon la revendication 5, dans lesquels le peptide se liant a la 
farnesyle transferase inclut une sequence carboxyle terminale de type -C-V-l-M, -C-S-l-M ou -C-A-l-M, de prefe- 
rence T-K-C-V-l-M 

7. Procede selon la revendication 5, dans lequel le peptide se liant a la farnesyle transferase est biotmyie. 

8. Procede destine a tester la presence de I'activitd farnesyle transferase dans une composition telle que d6finie 
dans I'une quelconque des revendications 1 a 3 et consistant a determiner la capacite de ladite composition a 
catalyser le transfer! du farnesol a une proteine ou un peptide acceptant le farnesyle 

9. Procede selon la revendication 8, dans lequel ledit farnesol transfere provient du farnesyle pyrophosphate 

10. Proced6 selon la revendication 9, dans lequel ledit farn6sylo pyrophosphate conticnt une marque sur la partie 
farnesyle 

11. Proc6de selon la revendication 8, dans lequel ladite proteine ou ledit peptide acceptant le farnesyle comporte une 
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sequence carboxyle terminate de type - C-A-A-X, dans laquelle 
C = cysteine ; 

A - un acide amine aliphatique ou hydroxyle ; et 
X = un acide amine quelconque. 

12. Procede selon la revendication 11, dans lequel ladite proteine ou ledit peptide acceptant le farnesyle comporte 
une proteine p21 ras 

13. Procede selon la revendication 11, dans lequel ledit peptide ou ladite proteine acceptant le farnesyle comporte un 
peptide d'une longueur d'au moins 4 acides amines, de preference CVIM ; KKSKTKCVIM; TKCVIM ; 
RASNRSCAIM ; TQSPQNCSIM ; CUM ; CWM ou CVLS. 

14. Inhibiteurde la farnesyle transferase comportant un peptide, ou une proline autre que la proteine p21 n95 , la lamine 
a, la lamine b, ou le facteur sexuel a de la levure. ledit peptide ou ladite proteine possedant une sequence inhibant 
ou acceptant le farnesyle a I'mterieur de sa structure et capable d'inhiber la farnesylation de p2^ ras par la farnesyle 
transferase, dans lequel la sequence inhibant ou acceptant le farnesyle est definie en outre comme une sequence 
d'acides amines acceptant Ic fambsyle qui inclut les acides amin6s CAAX, dans lesquels 

C= cysteine , 

A = un acide amin6 aliphatique, aromatique ou hydroxyle quelconque ; et 
X - un acide amine quelconque. 

15. Inhibitcur selon la revendication 14, dans lequel la s6qucnce d'acides amm6s inhibant ou acceptant Ic farnesyle 
est positionnee a I'extremite carboxyle de la proteine ou du peptide. 

16. Inhibiteur selon la revendication 15, defini en outre commo un peptide d'une longueur allant do 4 a 10 acides 
amines, de preference defini comme un tetrapeptide 

17. Inhibiteur selon la revendication 16, defini en outre comme un peptide incorporant a son extremite carboxyle une 
des sequences peptidiques suivantes : CVIM ; KKSKTKCVIM ; TKCVIM ; RASNRSCAIM ; TQSPQNCSIM ; CUM ; 
CWM ; CVLS ; CVLM ; CAIM ; CSIM ; CCVQ ; CMC ; CHS ; CVIS ; CVLS ; CVIA ; CVIL ; CLIL ; CLLL ; CTVA ; 
CVAM ; CKIM ; CLIM ; CVLM ; CFIM ; CVFM ; CVIF ; CEIM ; CGIM , CPIM ; CVYM ; CVTM ; CVPM ; CVSM ; 
CVIF; CVIV;CVIPou CVII. 

18. Inhibiteur selon la revendication 17, defini en outre comme un peptide ayant une sequence qui comporte une des 
sequences peptidiques specifies 

19. Inhibiteur selon la revendication 16, dans lequel le peptide est modifie par biotmylation, esterification, acylation, 
ou alkylation. 

20. Inhibiteur selon la revendication 15, defini en outre comme un inhibiteur pur. 

21 . Inhibiteur selon la revendication 20, defini en outre comme un peptide comportant la structure de type -C-A1 -A2-X, 
dans laquelle 

C - cysteine ; 

A1 = un acide amine aliphatique, aromatique ou hydroxyle quelconque ; 

A2 = un acide amine aromatique quelconque ou un acide amine modifie afin d'mcorporer une ou plusieurs parties 

aromatiques ; et 
X = un acide amine quelconque. 

22. Inhibiteur selon la revendication 21 , dans lequel la partie aromatique de I'acide amine A2 est modifiee pour inclure 
un groupement fluoro, chloro, ou nitro. 

23. Inhibiteur selon la revendication 21 ou 22, dans lequel I'acide amin6 A2 comporte la parachlorophenylalanme, ou 
un cycle naphtyle, ou la phenylalanine, ou la tyrosine ou la tryptophane. 
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24. Procede pour determiner la capacite d'une substance candidate a inhiber une en2yme farnesyle transferase, com- 
portant les etepes consistant a : 

(a) obtenir la composition enzymatique selon ia revendication 1 qui est capable de transferer une partie far- 
nesyle a una substance acceptant le farnesyle ; 

(b) melanger une substance candidate avec la composition enzymatique ; et 

(c) determiner la capacite de ('enzyme farnesyle transferase a transferer une partie farnesyle a un substrat 
acceptant le farnesyle en presence de la substance candidate. 

25. Procede selon la revendication 24, dans lequet le substrat acceptant le farnesyle comporte une p21 ra * ou un 
peptide quelconque contenant de la cysteine a la quatrieme position a partir de I'extremite carboxyle. 

26. Procede selon la revendication 24, dans lequel i'etape (c) comporte la determination de la capacite de la substance 
candidate a inhiber le translert du farnesyle a partir du farnesyle pyrophosphate vers le substrat accepteur. 

27. Procede selon la revendication 24, dans lequel la partie farnesyle est marquee, de preference radiomarquee. 

28. Procbde pour inhiber une enzyme farnesyle transferase consistant a soumettre I'enzyme a unc concentration 
efticace d'inhibiteur de farnesyle transferase selon la revendication 14, ou a une substance candidate identitiee 
comme etant un tel mhibiteur par le procede de la revendication 24. 

29. Procede pour inhiber la liaison d'une partie farnesyle a une proteine ras localisee dans des cellules malignes 
consistant a soumettre lesdites cellules a une concentration efficace d'inhibiteur de farnesyle transferase selon la 
revendication 14, ou a une substance candidate idontifibe comme 6tant un tel inhibiteur par le proc6de de la 
revendication 24. 

30. Segment d'ADN codant pour la sous-unit6 a dc la farnesylc.protcine transferase, qui peut ctre obtcnu par un 
processus incluant : 

(a) la preparation d'une banque de clones recombinants composee de fragments d'ADN recombinant prove- 
nant de colonies indtviduelles ; 

(b) le criblage de la banque de clones recombinants avec une sonde oligonucleotidique comme identifiee sur 
la figure 16 ; 

(c) I'hybridatton de ladite sonde avec lesdites colonies sous des conditions qui permettent a la sonde de s'hy- 
brider aux colonies portant un gene de la sous-unite a ; et 

(d) Pobtention du segment d'ADN codant pour a a partir d'une colonie ainsi identifiee. 

31. Segment d'ADN codant pour la sous-unite |i de la farnesyle:proteine transferase, qui peut etre obtenu par un 
processus incluant : 

(a) la preparation d'une banque de clones recombinants composee defragments d'ADN recombinant prove- 
nant de colonies individuelles , 

(b) le criblage de la banque de clones recombinants avec une sonde oligonucleotidique comme identifiee sur 
la figure 17 ; 

(c) Phybridation de ladite sonde avec lesdites colonies sous des conditions qui permettent a la sonde de s'hy- 
brider aux colonies portant un gene de la sous-unite (5 ; et 

(d) I'obtention du segment d'ADN codant pour (i a partir d'une colonie ainsi identitiee 

32. Vecteur recombinant comportant le segment d'ADN selon la revendication 30 ou le segment d'ADN selon la re- 
vendication 31 . 
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